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1 . 3  

1.4 

INTRODUCTION 

Purpose. - The purpose of this document is to describe the 
tasks required of the Lunar Excursion Module Associate 
Contractor in the development of the Lunar Excursion Module 
and to present the technical framework within which these 
tasks will be performed. 
be integrated into the Apollo Spacecraft System by the 
Apollo Principal Contractor. 

This Lunar Excursion Module will 

Apollo Project Objective. - The objective of the Apollo 
project is the landing of men OR the moon, limited obser- 
vation and exploration of the moon by the crew in the lad- 
ing area and return to eaPth. 
envisages the qualification of the Spacecraft and its Module8 
in a series of increasingly complex missions proceeding 
from sub-orbital through circumlunar to the lunar landing 
mission. 

The Apollo development plan 

Mission Technique. - The lunar orbit rendezvous technique 
will be used to perform the lunar landing mission. 
ing this technique, the Spacecraft consisting of the Crmrmsad 
Module, Service Module, and Lunar Excursion Module is in- 
jected into a translunar trajectory. 
Lunar Excursion Module with two crew members aboard sepa- 
rates from the Command Module and descends to a lunar landing. 
The third crew member remains in the Command Module in 
lunar orbit. The Lunar Excursion Module crew performs their 
mission objective tasks and returns to lunar orbit with 
records and specimens. The Lunar Excursion Module crew 
performs a rendezvous and docking maneuver with the Command 
Module. 
and the Command Module, with or without the Lunar Excursion 
Module, is injected into a transearth trajectory by the 
Service Module propulsion system. 

Employ- 

In lunar orbit the 

The crew and payload transfer to the Command Module 

Major Milestones. - The project milestones including those 
for the development of the Lunar Excursion Module are 
presented in Table I, 
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2.0 

2.1 

2.1.1 

CONTRACTOR'S TASKS. - The Contractor shall be responsible 
for the design, manufacture, and operations in relation to 
the Lunar Excursion Module, its Ground Support Equipment, 
and associated training equipment to the extent stated in 
the following paragraphs. 

Design. - The design responsibilities of the Contractor 
are indicated below. The w e  of Government Furnished 
Equipment or Industry Standard Equipment shall be investi- 
gated and proposed by the Contractor where feasible and 
practical. The Contractor shall determine and conduct 
the research and development pugran required to support 
his design effort. 
Spacecraft are required, the ContPactor shall support the 
Principal Contractor. He shall request the participation 
of NASA or other government facilities where appropriate. 

Where developlent tests of the complete 

Lunar Excursion Module. - The Contractor shall be respon- 
sible for the detail analyses and design of the Lunar 
Excursion Module prototypes, boilerplates, and mockups 
with the exception of certain Government Furnished Equip- 
ment. The systems and equipment which will be Government 
hrnished Equipment are the Navigation and Guidance System, 
Flight Research and Development Instrumentation/Communica- 
tion System, Scientific Instrumentation System, and Crew 
Equipment (Pressure Suits, Portable Life Support Equipment, 
"Shirtsleeve" Garments, Personal Radiation Dosimeters, and 
Bio-Instrumentation Sensors). The Contractor will be respon- 
sible for integrating this Government Furnished Equipment 
into the Lunar Excursion Module; developing specifications 
for equipment performance, interfaces, and design environ- 
ment; and maintaining interface control documentation in a 
state of validity and concurrence. The Contractor shall 
utilize the data submitted by the GFE contractors in the 
performance of this responsibility, e.g., the weight atate- 
ments of the GFE contractors will be utilized without the 
Contractor re-estimating the weight of the GFE. The Con- 
tractor shall assist NASA in the review of the plans sub- 
mitted by the GFE contractors. 
technical framework within which the Apollo Spacecraft de- 
velopment shall be implemented including a description of 
the Lunar Excursion Module, a model mission, environment, 
and propulsion requirements in terms of velocity requirements. 
A final design mission will be determined based on the 
detailed studies conducted. The Contractor's responsibility 
in the areas of Trajectory Analysis, Environmental Analysis, 
Repositioning Analysis, and Mission Operational Analysis is 
further defined in the following paragraphs. The intent of 

Appendix A presents the 
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these paragraphs i s  t o  indicate the scope of the Contractor's 
interface respons ib i l i t i es  i n  a l l  areas by these examples. 

Trajectory Analysis. - The Contractor s h a l l  be responsible 
f o r  d e t a i l e d t r a j e c t o r y  analysis from lunar o rb i t  separation 
u n t i l  lunar o rb i t  rendezvous. This sha l l ' inc lude  s tudies  
t o  optimize the  lunar orb i t  character is t ics ,  posit ion of 
separation, descent t ra jec tor ies ,  abort analysis, aecent 
t ra jec tor ies ,  and positions of rendezvous. 

hvironmental  Analysis. - The Contractor s h a l l  be responsible 
f o r  de ta i l ing  t h e  mission environment on the lunar surface 
and f o r  assessing t h e  effect% of the adapter environment 
on the  Lunarr Excursion Module. The Contractor shall also 
be responsible f o r  the specifications of t h e  design envi- 
ronment f o r  the  Lunar Excursion Module GFE. 

Repositioning Analysis. - The Contractor s h a l l  be responsible 
f o r  t h e  detail design of the  Lunar k c u r s i o n  Module mounted 
equipment f o r  repositioning and mating the  Lunar &cursion 
Module t o  the  Command Module. 
designed within t h e  overall specification of the  Principal 
Contractor. 

This equipment w i l l  be 

Mission Operational Analysis. - The Contractor s h a l l  be 
responsible f o r  determining and proposing the  des i r ab f l i t y  
CLf checkout and/or operation of the Lunar Excursion Module 
during the translunar periQd of the  f l i gh t .  
clude the  des i r ab i l i t y  of crew access t o  t h e  Lunar Zxc-msion 
Module f romthe  Command Module during t h i s  period. It s h a l l  
include the  cletermination and proposal of systems support 
f romthe  Coxmnand o r  Service Module such as power f romthe  
f u e l  c e l l s  or oxygen f o r  cooling, breathing, or pressurization 
and the  support required from these Modules while separated 
during the landing phase of the mission. The Contractor shal l  
determine and propose the crew tasks re la ted  t o  the Lunar 
Excursion Module p r io r  t o  separation whether they are actual ly  
performed i n  the  Lunar Excursion Module o r  the  Command Module. 
The Contractor shal l  be responsible f o r  the determination of 
the  Lunar Excursion Module crew tasks during the  separated 
portion of the  f l i g h t  including the tasks related t o  the  oper- 
a t ion  of the Lunar Excursion Module GFE. The tasks d i r ec t ly  
re la ted  t o  lunar exploration whi le  on the lunar surface w i l l  
not be the  responsibli ty of the Contractor. 

Ground Support Equipment. - The Contractor's responsibi l i ty  
?or t h e  design and integration of GSE for any part of t he  
Lunar Excursion Module sha l l  be t o  the same extent as h i s  

Th i s  s h a l l  in- 
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respons ib i l i ty  f o r  the design and integrat ion of t h a t  pa r t  
of the Lunar Ekcursion Module. 

Training Equipment.- The Contractor s h a l l  be responsible for 
the design of ce r t a in  t ra in ing  equipment d i r e c t l y  associ- 
a ted with the Lunar Excursion Module f o r  the  t r a in ing  of 
flight and/or ground personnel as required by the NASA. 

Manufacturiq.- The Contractor shall be responsible f o r  
the  manufacture of the Lunar  Ekcursion Module mockups, 
bo i le rp la tes ,  and prototypes with the  exception of the GF'E 
indicated above. The Contractor s h a l l  be responsible f o r  
the  manufacture of the GSE f o r  the  equipment which he fur- 
nishes and sha l l  also furnish the  t ra in ing  equipment required. 
The Contractor sha l l  i n s t a l l  all GFE i n  the Lunar Ekcursion 
Module p r io r  t o  delivery. The receiving acceptance tests 
and systems tests of GF'E w i l l  be conducted by the GFE Con- 
t r a c t o r s  at the  Contractor's plant  under the overa l l  tes t  
d i rec t ion  of the Contractor. After these t e s t s  are com- 
pleted, simplified checkout tests may be conducted by the  
Contractor. If a malfunction occurs o r  i s  suspected and 
addi t ional  t e s t s  are  required, these w i l l  be conducted as 
before by the GF'E contractor working with the Contractor. 
Subsequent t o  delivery the same procedure w i l l  be followed 
between the  various t i e r s  of contractors involved. The 
qua l i ty  of all equipment manufactured sha l l  be controlled 
by a qual i ty  control system complying with reference 11. 

Operations.- The Contractor s h a l l  support the operations of 
the Lunar Ekcursion Module. The Contractor shal l  perform 
the prelaunch preparation and checkout of the Lunar Excursion 
Module working w i t h  the  other contractors i n  t he  same manner 
as during systems tes t ing.  He shall integrate  the  GF'E pre- 
paration and checkout and be responsible t o  the  Principal  
Contractor f o r  coordinating e l l  Lunar Excursion Module 
a c t i v i t i e s  w i t h  the overal l  Spacecraft prelaunch requirements. 
The Contractor s h a l l  report t o  the  Principal Contractor 
the pref l igh t  s t a tus  o f t h e  Lunar Excursion Module. 
provide personnel t o  support the fl ight operation i n  ground 
monitoring of the Lunar Ekcursion Module Systems and per- 
form post f l i g h t  ana lys i s  of the performance of the various 
subsystems of the Lunar Ekcursion Module. 

He  shall 

Reliabil i ty.-  As an  in tegra l  part of the design and develop- 
ment program, the Contractor s h a l l  implement a r e l i a b i l i t y  
program t o  assure compliance w i t h  r e l i a b i l i t y  goals appor- 
tioned t o  the Lunar hcur s ion  Module. 
coordinated with the overall  r e l i a b i l i t y  program f o r  the 
Spacecraft. "he Contractor w i l l  apportion r e l i a b i l i t y  goals 
t o  the GF'E contractors and assess and monitor t h e i r  r e l i a -  
b i l i t y  program and performance. 

The program s h a l l  be 
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2.5 Logistics. - The Contractor shall be responsible for pro- 
viding adequate logistics support for the equipment which 
He furnishes. Logistics support shall include all spares 
and transportation. 

2 .6 Documentation. - The Contractor shall provide the documenta- 
tion described in Paragraph 4.5. 
shall be classified as one of three types. Type I documen- 
tation shall be submitted to the NASA for approval. 
documentation shall not require approval, but shall be sub- 
mitted for coordintaion, surveillance, and/or informstion. 
Type 111 documentation shall be retained by the Contractor 
and made available to authorized representatives of the 
NASA for review, upon request. 

A l l  documents required 

Type I1 

I 
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3.0 NASA AND OTHER CONTRACTOR RELATED TASKS. - The Lunar 
Excursion Module contract w i l l  be managed by the Manned 
Spacecraft Center of the NASA. 
Lunar Excursion Module w i l l  require contact w i t h  the Prin- 
c i p a l  Contractor and t o  a certain extent with other con- 
t r ac to r s  and government organizations. 
arrange the procedures fo r ,  and w i l l  monitor these contracts.  
The following paragraphs define those NASA and/or Principal 
Contractor tasks rebated t o  the  Lunar Excursion Module f o r  
the purpose of b e t t e r  defining the  Lunar Excursion Module 
Associate Contractor's tasks.  NASA ' 6  responsibi l i ty  as 
used i n  t h i s  document does not preclude parts of the  res- 
pons ib i l i ty  being carried out thraugh other NASA Con- 
t r ac to r s .  

The developnent of the 

The NASA w i l l  

3 .1  

3.1.1 

3.1.2 

Design.- The Principal Contractor w i l l  design the Camnand 
Module, Service Module, and a l l  adapters and w i l l  in tegrate  
the Lunar Excursion Module and its associated GSE i n t o  the  
Apollo Spacecraft System. The Principal Contractor w i l l  
u t i l i z e  the  data  submitted by the Contractor i n  the per- 
formance of h i s  integration responsibil i ty,  e .g., the  
wight statements of t h e  Contractor w i l l  be u t i l i zed  
without the Contractor re-estimating the weight of the 
Lunar Excursion Module. 
f o r  the interface between the equipnent which he pravidee 
and the Lunar Excursion Module including the Lunar Ex- 
cursion Module @ m e t r i c  envelope, attachment points, 
and a l l  other mechanical and e l e c t r i c a l  interfaces.  
The Principal Contractor w i l l  assist NASA i n  the review 
of the plans submitted by the Contractor. 
be responsible f o r  the d e t a i l  development of the GFE 
which w i l l  be used ' in  the Lunar  Excursion Module. 
Principal Contractor's interface respons ib i l i t i es  i n  the  
areas  of t ra jec tory  analysis ,  environmental analysis,  
a.epositioning analysis,  and mission operational analysis  
are indicated below. 

He w i l l  develop specif icat ions 

Tne NASA w i l l  

The 

Trajectory Analysis. - The Principal Contractor w i l l  be 
responsible f o r  the  overal l  t ra jec tory  analysis f o r  the  
lunar mission excluding t h e  detailed analysis of t h e  
Lunar Excursion Module t ra jec tory  while separated fran 
the  Ccanmand and Service Module. 

Environmental Analysis.- The Principal Contractor w i l l  
determine the  natural  environment f o r  the en t i r e  mission 
w i t h  the exception of the environment on the lunar sur -  
face and w i l l  specify the environment within t h e  adapter 
which w i l l  house the Lunar Excursion Module. 
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3.1.4 

3.2 

3.3 

3.4 

Repositioning Analysis . -  The Principal Contractor w i l l  
be responsible f o r  the determination of the methods 
and/or devices t o  be used i n  repositioning and mating 
the Lunar Excursion Module with the Caumand Module and 
f o r  the preparation of an overal l  specif icat ion f o r  the  
associated hardware mounted on the Lunar  Excursion 
Module. 

Mission Operational Analysis.- The Principal Contractor 
w i l l  assess and integrate the support required f r a n  
the  Camnand and Service Modules and from the crew during 
the  various mission phases. 

Manufacturing.- MSC w i l l  be responsible f o r  providing 
the Lunar Excursion Module GFE and i ts  associated GW. 
The Principal Contractor w i l l  provide the  Cammnd Module, 
Service Module, and a l l  adapters. 

Operations.- The NASA w i l l  d i r e c t  the  Spacecraft prelaunch, 
launch, f l i g h t ,  and recovery operations. 
provide a l l  Spacecraft launch site f a c i l i t i e s ,  overa l l  
prelaunch and launch countdown procedures, f l i g h t  c m ,  
and medical support. 
the operations relative t o  the  smcecraf t .  
out and prepare the Canmand and Service Modules and 
associated ground support equipnent and integrate the 
overal l  Spacecraft prelaunch operations. 

The NASA w i l l  

The Principal Contractor w i l l  support 
He will check- 

Rel iabi l i ty . -  As an in tegra l  part of the design and develop- 
ment of t h e  Spacecraft, the  Principal Contractor w i l l  imple- 
ment a r e l i a b i l i t y  program t o  assure canpliance with mission 
r e l i a b i l i t y  and safety requirements. 
t r a c t o r  w i l l  apportion a r e ' l i ab i l i t y  goal t o  the Con- 
t r a c t o r  and assess and monitor the Contractor's r e l i a b i l i t y  
program and performance. 

The Principal Con- 

e 



1 

0 1cI 

4.1 NASA Organization 

Jb.1.1 Over-All Direction. - The Director, Office of Manned Space 
Fliet Program, is responsible for over-all ditectlon of 
ProJect Apollo. 

4.1.1.1 Spacecraft. - The NASA Manned Spacecraft Center har, been 
aclsigned system lllsnagemcnt responsibilities for the 
Apollo Spacecraft Including Test Launch Vehicle Develop 
ment and operations control and computing centers. 

4.1.2 M8C Apollo Spacecraft Project Office. - The Apollo 6p.ce- 
c* Pr oject Office of the NASA Me+nn& Spacecraft Center 
is responsible for pLMning, ~~pcrvi~ing,-and directing 
all activities associated with the accompliohment of the 
Apollo Spacecraft project. 
Office ie responsible for and has authority for super- 
virion and direction of t& Lunar Excursion Module de- 
velopment. 
tbe Apollo Spacecraft Project Office include: 

In this capacity, the Project 

Prinaary Amctiona which will be performed by 

a. 

b. 

C. 

d. 

Supervision and direction of the work of the MCS 
@llo Contractors . 
Doternination and implementation of technical modi- 
fications, changes, ar revisions in the work under- 
taken by the MSC Contractors. 

Supervision an& monitoring of working relationohips 
and resolving technical problem which may wire 
between various MSC Contractors, which are not directly 
resolved between the pcrrties concerned. 

kintainlng close lialson with all ApolloContractors 
In order to keep f u l l y  end currently lnformcd on the 
status of contract work, potential schedule delays, 
or problem which may delay project progress. 

Reeponsibllltiee and procedures in thcee area6 are 
diecussed in greater detail In subsequent sections of 
thie document. In carrying out thcee function8 the Apollo . 
Spacecraft Project Office w i l l  locate personnel at the 
site of contract work as required. 
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No technical direction which results in a change to this 
Statement of Work will become effective until receipt by 
;the Contractor of a Contract Change Order or Contract 
Modification issued by the Contracting Officer pursuant 
to the clause of the contract entitled "Changes". 

Monitoring. - The Apollo Spacecraft Project Office will 
monitor all technical activities of the Contractor to 
provide technical direction, implementation, and 
coordination; to resolve and expedite problem areas; to 
assist in achieving reliability goals and quality 
assurance; and to provide technical surveillance of 
design, testing, and manufacturing operations. 

Authorized representatives of the MSC shall have the right 
to visit Subcontractors' plants at all times during the 
performance of this contract for making any inspections 
or obtaining any required information. 
be coordinated with the Contractor. 

Such visits will 

Coordination. - The MSC Apollo Spacecraf't ProJect Office 
will arrange and coordinate all conbcts and meetings 
and will provide for technical coordination between the 
NASA contractors, the Manned Spacecraft Center, other 
NASA organizations, and other government agencies as 
required to assist all levels in obtaining information, 
data, and assistance necessary for accomplishment of 
the project. 

Data Submittal. - The Contractor shall submit a l l  technical 
information, documentation, and data to the MSC Apollo 
Spacecraft Project Office. Other simultaneous parallel 
paths of distribution may be specified as the need arises. 
All additional distributions shall be subject to prior 
MSC Apollo Spacecraft Project Office approval. 
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4.2.1 Project Organization. - The Lunar Excursion Module Contractor 
shall establish a strong Apollo organization headed by a 
Bogram Manager and removed from other Contractor programs 
to the extent necessary to prevent interference with a 
timely completion of the Apollo program. 
responsibility and necessary authority for the accomplishment 
of the Lunar Excursion Module development. 

He shall have the 

4.2.2 Organization. - Consistent with good practice and to the extent 
necessary to preclude interference from existing or future 
projects, the Contractor shall adequately organize alJ, 
elements, functions, and services required to accomplish 
the Lunar Excursion Module development into an appropriate 
organization responsible to the Program Manager. 

4.2.3 Staff Offices. - The Contractor shall maintain, within his 
Apollo organization, staff offices to assure the utilization 
of efficient engineering methods and management practices. 
These offices shall include the necessary functions to 
adequately control the program. 
of but not be limited to: 

The functions shall consist 

Program control 

System integration 

Subcontractor control 

Cost control 

Reliability control 

Documentat ion 

NASA-MSC liaison 

4.2.3.1 Engineering Changes. - A formal procedure shall be established 
for reviewing contract change proposals to assure that all 
technical, planning, and cost aspects of the proposed 
changes are considered. 

4.2.3.2 Subcontract Administration. - A staff group of subcontract 
specialists covering all essential disciplines shall assume 
responsibility for coordination of subcontract work. The 
Contractor shall establish and maintain resident field 
offices at the plants of major Subcontractors as required. 
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.2.3.3 - 

4.2.4 

4.2.5 

4.2.5.1 

ieliahility - Organization. - The reliability plan shall 
identify the organization responsible to managexnknt for the 
)ver-all reliability function and s h a l l  clearly define its 
-esponsibility for both policy and action. 
3tipulate the authority delegated to this organization to 
mforce its policies and assure necessary action. 
)rganization responsibilities and the relationship between 
Line, service, staff, and policy organizations for 
-ellability shall be identified. 
sation shall report to top management and receive top 
nanagement support. 

It shall 

Line 

The reliability Organi- 

Delineation of Organization. - A delineation of the Contractor's 
management organization and procedures shall be included as 
part of the program plan specified in Paragraph 4.3.2.1 and 
shall include the following: 

a. The responsibilities of the various portions of the 
Contractor's organization. 

b. The division of responsibilities between the Contractor 
and Subcontractors. 

The specific program control techniques to be used. 

The provisions for an orderly flow of communicatlons 
within the Contractor's organization and with Sub- 
contractors. 

c. 

d. 

Principal-Associate Contractor Relations. - The NASA 
Manned Spacecraft Center will approve the division of 
responsibilities between the various Apollo Spacecraft 
Contractors. m e  Contractor, supported by each other 
Associate Contractor, shall determine, mutually agree 
upon, and document operation procedure8 and interface 
definitions, specifications and control methods, Each 
document shall require MSC approval. 

Principal Contractor. - North American Aviation, Inc., 
Space and Information Systems Division is the Apollo - 

Principal Contractor. 

4.2.5.2 Navigation and Guidance System Associate Contractor, - The 
Massachusetts Institute of Technology, Instrumentation 
Laboratory is the Apollo Amociate Contractor for the 
Navigation and Guidance System. 
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4.3 Program Control. 

General. - The MSC w i l l  exercise program control through 
use of program planning documents, periodic reviews, PERT. 
cost reports and such other management triols as may be 
required, including frequent scheduled and nonscheduled 
meetings. 

- ..- 4.3.1 

4.3.1.1 

4.3.1.2 

4.3.2 

4.3.2.1 

Periodic Reviews. - Periodic technical and management program 
progress reviews of all aspects of the Contractor's work w i l l  
be conducted by the MSC. These reviews will be conducted 
at the Manned Spacecraft Center and at the Contractor and 
Subcontractor plants as required. These reviews are 
intended to encompass major developmental milestones and/or 
problem areas. 

Mockup Inspections. - "he MSC will conduct mockup inspections 
at the Contractor's plant. These inspections will cover 
the adequacy of the design of the Lunar Excursion Module, 
its systems, and their compatibility with other elements 
of the Spacecraft. Mockup inspections will progress from 
preliminary to final. 

Program Planning. - "he detailed program plans, schedule, and 
requirements prepared by the Contractor shall encompass the 
activities of all Subcontractors supporting the Contractor 
and shall indicate their relationship to each other. A 
common, systematic breakdown of the various elements of the 
project shall be used in the preparation of these plans, 
schedules, and requirements. These plans, schedules and 
requirements shall be documented as described in the 
following paragraphs. 
prepared in close coordination with MSC and shall be 
subject to approval by the MSC. 

A l l  plans and revisions shall be 

Program Plan. - This document shall be the basic docwnent 
which describes the over-all plan for  the development of the 
Lunar Excursion Module. The plan shall delineate the method 
by which the Contractor intends to comply with the Statement . 
of Work. 
functions, design and development approaches, test program 
requirements and plans, manufacturing, quality control, logistic 
support requirements and such other planning documents as 
are specified in the  Statement of Work. 
master phasing charts and mi.lestone charts for the over-all 
program; general management, technical, manufacturing, 
facilities, and support schedules; man power requirements 

"he plan shall summarize management and control 

It shall include 



for performance of the project; and detailed phasing charts. 
Each detailed phasing chart shall portray importark activities, 
their beginning and completion points and. points at which de- 
cisions must be made. The approved program plan she.11 be used 
by the Contractor to guide his efforts. Anticipated schedule 
problems shall be identified and the intended method for their 
solution indicated. 

4.3.2.2 Facilities Plan. - This plan shall cover the complete 
requirements for facilities for the Lunar Excursion Module 
and shall identify those which are to be government furnished. 
Industrial, development, range, operations, and all other 
facility requirements shall be described in detail, including 
any necessary modifications of existing facipties. 
sharing required availability and modification dates, and plans 
for accomplishing necessary design and construction shall be 
included. 

Schedules 

4.3.2.3 Test Plan. - The Contractor shall provide a test p1.m for 
the entire Lunar Excursion Module development program. The 
plan shall cover d l  types of tests required including such 
items as significant engineering development tests, design 
verification tests, tests to determine operating environments 
or conditions, qualification tests, and prelaunch tests. 
It shall outline the types and quantities of tests to  be run, 
equipment and configurations to be tested, concepts and ob- 
jectives of the tests, test locations, support requirements, 
major time phasing, and shall identify those which are to be 
performed by the govermrent. 

4.3.2.4 Manufacturing Plan. - The Contractor shall provide a man- 
ufacturing plan including such items as plans, schedules, 
methods, and controls. 

Reliability Plan. - The Contractor shall prepare a reliability 
plan in accordance with Mil-R-27542 (USW). 

4.3.2.5 

4.3.2.6 Maintenance Plan. - The Contractor s h a l l  prepare a maintenance 
plan which describes the detail requirements necessary to 
provide for the maintenance of all equipment throughout all 
phases of the program. l’nc plan shall include mintenance 
during factory testing, storege, assembly, aad prelaunch 
test inG. 

4.3.2.7 Support Plan. - The Contractor sliall prepare a mpport plan 
which describes his support of the Lunar Escursion Module. 
The Contractor’s support s h a l l  be consonant with the parti- 
cipation of the PW;R anti OL;IPI- contrdctors . The support plan 
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shall include a description of all required functions of 
equipment overhaul, material (spares) support, transpor- 
tation, and,preparation of support manuals. Material sup- 
port considerations shall include the methods of selection, 
distribution and control of spare parts, and the disposit- 
ion of obsolete spare parts. Transportation considerations 
shall include the total transportation including Lunar 
Excursion Module transportation, peculiar spare parts and 
GSE requiring kransportation, and other pertinent trans- 
portation data. 
in the plan. Support manual considerations shall include 
requirements, scope of coverage, format, change program, 
and other pertinent information. 

End-1tem.Test Plan .  - The Contractor shall provide an End- 
Item Test Plan in accordance with the provisions of Para- 
graph 7.4.2.1 of Reference 11. 

Packaging requirements shall be specified 

4.3.2.8 

4-3.3 PERT. -The NASA-PERT system will be utilized by the NASA 
as a management tool in scheduliig, phasing, and controlling 
the Apollo Spacecraft program. 
events, activities, and networks will be integrated with 
the tote'. Apollo Spacecraft program'PERT system. 
PERT system will be implemented and maintained in accordance 
with the NASA-PERT Handbook. 

- 
Lunar Excursion Module PERT 

The NASA- 

4.3.3.1 Implementation. - The Contractor shall commence implementation 
of a PERT system for the L u n a r  Excursion Module within 30 
days after letter contract award. Individual PERT networks 
shall be developed for each Lunar Excursion Module system 
and each major area of .functional activity. 
netxorks required and the scope of each network will be 
established by MSC after giving due consideration to the 
recommendations of the Contractor. 

The number of 

4.3.3.2 Reportine. - Reporting against networks shall commence after 
establishment and MSC approval of all Lunar Excursion Module 
PERT networks and shall be in accordance with NASA-PERT 
Handbook . 

4.3.3.3 PERT Events and Activities Description Documents. - The Con- 
tractor shall prepare, submit, and maintain PERT Events and 
Activities Description Documents. 
provide detailed descriptions of the events and activities 
which comprise the PERT networks required by the ASPO, MSC. 
The documents will be adjuncts to the PERT networks. 

The Contractor shall 



4.3.4 Program Milestone Reports. - The Contractor shall report 
program progress 11iweekJ.y on NASA Form 1191 in conformity 
with the instructions printed on the form. 
porting by the Contractor will be utilized indefinitely, 
although the level of milestone detail will be reduced when 
the PERT reporting system is implemented. 

Milestone re- 

4.3.4.1 Implementation. - The Contractor shall submit a list of 
proposed reporting milestones to flC for approval 6 weeks 
after letter contract award. The Contractor shall commence 
biweekly milestone reporting within 12 weeks after letter 
contract award. Milestones for each Lunar Excursion Module 
system and major area of functional activity shall he sub- 
mitted. 
in a manner similar to the structure of the PERT networks. 
The milestones shall be selected in such a manner that 25 
to 100 milestones for each system or activity will be 
scheduled for completion during the first year of the con- 
tract. 
be limited to major items. 

System and activity milestones shall be grouped 

Milestones for the remainder of the program may 

4.305 

, 

4.3.5.1 

Financial Management. - Financial Management Reports will 
be prepared and submitted monthly by the Lunar Excursion 
Module Contractor. These summary and detail cost reports 
will provide direct engineering and labor manhours itemized 
by system, in addition to the normal cost for materials 
and vendor items, logistics and support, tooling and manu- 
facturing and such other cost as is required Tor Financial 
Management and Auditing, in accordance with sound cost 
accounting practices. In addition t o  each system and sub- 
system being reported as a category of costing, the Lunar 
Excursion Module contract will report each subcontract, 
where the total cost of the subcontract exceeds $25O,OOO, 
as a separate costing category. Direct manhours charged 
by the subcontractors as well as labor/engineering costs 
incurred will be reported for the subcontracts identical 
in form to the Lunar Excursion ModuleCwkractor's in- 
house effort. 

Budget Forecast. - Unlike cost incurred, Budget Forecasts 
are not subject to audit by MSC, but rather are required 
as an additional management tool for analysis and for 
casting anticipated cost in the conduct of the total Project 
Apollo Program Financial Management operation. Quarterly 
budget forcasts will be required monthly. These forecasts 
will be prepared by the Lunar Fkciirsion Module Contractor. 
Like the actual cost and direct manhours reported in the 
Financial Management Report, the budget forecast w i 11. be 
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reported by systems and eventually subsystems. 
contract will be budgeted as a separate planning category. 

Each Sub- 

4.3.5.2 Implementation. - The first cost estimates and budget fore- 
cast will be prepared and submitted by the Luna- Excursion 
Module Contractor to the Apollo Spacecraft Project Office 
6 weeks following letter contract award. 

These estimates are to be desigred for review for suita- 
bility by MSC, in conference with the Contractor, for for- 
mat selection of cost categories and technique or method 
of 'the Cmtracto& a'bility to convert departmental accounting 
into realistic reporting categories. 

A second report utilizing the methods, techniques, and for- 
mat determined adequate and suitable by MSC will be sub- 
mitted by the Lunar Excursion M u l e  contractor 12 weeks 
after letter contract award and upon approval. of MSC, 
monthly thereafter throughout the life of the contract. 

4.3.5r3 Categories. - The categories to be reported for the fi- 
nancial summary and detail cost reports and for the budget 
forecast shall be similar, if not identical, to the functional 
and system networks selected for PERT and Program Manage- 
ment Plan reporting. It is intended that separate cqst 
accounting and budget forecast estimates will not exceed 
25 separate categories, excluding the separats reports 
for each sub-contract. 

4.3.5.4 - PERT-Associates Cost. - As Boon as is deemed practicable, 
cost reporting and budget forecasting will be PERT-network 
oriented. It is intended to designate PERT-Associated cost 
in such a manner as to reduce the level of effort by elim- 
inating other costing techniques in use at time of imple- 
mentation and at the same time improving the level of effort 
by providing more realistic cost reporting and budget forecast- 
ing by netvork event groupings or major milestones activities. 
The determination by MSC to convert to PERT-Associated cost , 

vi11 be made as soon as netvork approval, 

Changes. - Any plans, schedules, or requirements proposed in 
accordance with Paragraphs 4.3.2, )+. 3.3, and 4 .3 .  and 
any revisions or changes thereto vhich affect the approved 
schedule of contract performance or appre,:iably increase or 
decrease the cost of the contract will require prior con- 
tractual coverage. 

4.3.5-5. 

. .  



4.4 Deliveries. - 
4.4.1 -- Schedule. - A l l  hardware, data, operational support and 

such other material and services determined t o  be 
necessary s h a l l  be released t o  test a c t i v i t i e s  or other- 
wise delivered i n  accordance with the  Manned Spacecraft 
Center approved program. 

4.4.2 Hardware L i s t . -  Commensurate with program requirements and 
lead timesinvolved, t h e  Contractor s h a l l  prepare and 
furnish a complete l ist  of a l l  deliverable hardware covered 
by t h i s  Statement of Work including a l i s t  of spares, 8 
l i s t  of all hardware t o  be GFE, and a l ist  of a l l  GFP 
support items. A br ie f  j u s t i f i ca t ion  f o r  each hardware 
i t e m  requirement and the  delivery date( s) thereof ehall 
be included. 

4.4.3 Hardware Deliveries.- The deliverable hardware s h a l l  include 
the  dummy, boilerplate ,  and prototype Lunar Excursion Modules, 
support equipment, mockups, spares, and materials as may be 
required f o r  t he  Apollo program. 

4.4.4 Mockups.- The mockups t o  b e  provided by the  Contractor 
s h a l l  include but not be l imited t o  the  following: 

Complete Lunar Excursion Module 

Cabin I n t e r i o r  Arrangement 

Cabin Exterior Equipment 

Docking System 

Environmental Control System 

Crew Support System 

Antenna Radiation Pattern 

Handling and Transportation 

Module Interface 
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4.5 Documentation. - 
4,5.1 General.’- The Contractor sha l l  provide the  documentation 

described i n  the  following paragraphs i n  accordance with 
the  del ivery schedules, type c lass i f ica t ions ,  and quant i t ies  
listed i n  Table 11. All docmentation required, s h a l l  be 
c l a s s i f i ed  as one of three types. 
s h a l l  be submitted t o  the MSC f o r  approval. Type I1 
documentation s h a l l  no t  require approval but  s h a l l  be 
stibmitted f o r  coordination, surveillance, and/or i n -  
formation. 
the  Contractor and m a d e  available t o  authorized repre- 
sen ta t ives  of the NASA f o r  review, upon request. THE 
PREPARATION OF TYPE I DOCUMENTATION BY THE CONTRACTOR 
SHALL BE CONDUCTED I N  CLOSE COORDINATION WITH THB NASA. 
IME’LEMENTATION OF TYPE I DOCXIMENTATION SHALL NOT PROCEED 

SUEMIT’l’ED, WHICHEVER IS  ElARLIER. 

Type I documentation 

Type I11 docmentation s h a l l  be retained by 

UNTIL AFIWI APPROVAL BY NASA OR UNTIL 20 DAYS AFTER 

4.5.1.1 Submission.- The Contractor s h a l l  s u b m i t  a l l  data and 
documentation t o  the  MSC Apollo Spacecraft Project  Office. 
Other simultaneous p a r a l l e l  paths of d i s t r ibu t ion  shall 
be as specified by the  MSC Apollo Spacecraft Project 
Office. A l l  d i s t r ibu t ions  s h a l l  be subject t o  pr ior  MSC 
Apollo Spacecraft Project Office approval. 

-- -- 

4 -5.1.2 Docunent Revision.- 
s u b m i t  a method of document revision which w i l l  provide 
the MSC Apollo Spacecraft Project Office and other  desig- 
nated document recipients  with t h e  most current documenta- 
t i o n  as pract icable .  

The Contractor shall prepare and 

4.5.2 Specifications.-  

4.5.2.1 General.- The Contractor sha l l  prepare the specif icat ions 
indicated i n  the  following paragraphs. 

4.5.2.1,l Ground Support Equipment Performance and Interface Specid I 

f icat ions.0 These specifications sha l l  specify the  function, 
performance, and in te r face  requirements of the  Lunar 
Excursion Module GSE and include qual i f icat ion,  r e l i a b i l i t y ,  
and acceptance requirements. 

4.5.2.1.2 Lunar Excursion Module Subsystem Specifications.- The 
Contractor s h a l l  prepare subsystem and other equipment 
specif icat ions which define the functlon, performance, 
and configuration, and include qual i f icat ion,  r e l i a b i l i t y  
and acceptance requirements f o r  the equipment which he 
furnishes . 



4.5.2.1.3 Material, Parts,  and Process Specifications.- The Con- 
t ractor  shal l  provide all material, parts, and process 
specifications which are used during the project. 
cases where adequate materials and parts specifications 
do not exist ,  or are not suitable for  the intended use, 
procurement specifications will be prepared by the Con- 
t ractor .  Where standards and procese specif icatione 
covering items such as cleaning, forming, heat t r e a b e n t ,  
etc., are  not available o r  are not adequate, process 
specifications will be prepared by the Contractor. 
t e r i a l s  specifications shall include requirements re la t ive  
to toxici ty  and fire hazards under environmental extremes. 

In  

Ma- 

4.5.2.1.4 Mockup Sp ecificat1ons.- The Contractor shall prepare a 
mockup specification f o r  each mockup specified i n  t h i s  
Statement of Work or  as m a ~ r  be required. !Chese epeci- 
f icat ions shall be submitted to NASA for approval pr ior  
t o  the start of mockup fabrication. 

4.5.2.1.5 Trainiw Equipment Specifications.- Training equipment 

A separate specification shall 
specifications shall be prepared by the Contractor i n  
coordination w i t h  NASA. 
be prepared fo r  each new piece of equipment and each 
equipment modification. 

4.5.2.1.6 Final Specifications . - The Contractor shall f urnlsh one 
complete s e t  of reproducible procurement specifications 
f o r  each Contractor-furnished system under th i s  cantract. 
Specifications shall be suitable f o r  use i n  the procure- 
ment of any future systems. 

4.5.3 Program plans and Reports.- 

4.5.3.1 Planning Reports.- The Contractor sha l l  prepare and sub- 
m i t  the program planning reports specified i n  Paragraph 
4.3.2. The Contractor shall be responsible fo r  mainten- 
ance of these plans through a revision system he will 
develop. All revisions shall be made with MSC Apollo 
Spacecraft Project Office approval. 
reports shall consist of the following docunents: 

Program Plan 

Faci l i t i es  Plan 

The program plamiing 

Test Plan 

Manufacturing Plan 



Rel iab i l i ty  Plan 

Maintenance Plan 

Support Plan 

, Training Plan 

End-Item Test Plan 

4.5.3.2 PERT Reports.- PERT reports  sha l l  be submitted i n  accord- 
ance with the NASA-PERT Handbook and NASA Management 
Instruct ion 4-1-5. 

The Contractor shall submit a PERT Event and Act ivi t ies  
Document as specified i n  Paragraph 4.3.3.3. 

4.5.3.3 Monthly Financial Management Report.- This report  s h a l l  
consist  of a monthly cost  report i n  accordance with 
Paragraph 4.3.4 and the format shown i n  Appendix E. 

4.5.3.4 Hardware L i s t . -  The Contractor s h a l l  prepare and submit 
a l is t  of a l l  deliverable hardware items i n  accordance 
with Paragraph 4.4.2. 

4.5.3.5 Mockup Inspection Plan.- The Contractor s h a l l  prepare 
and submit a mockup inspection plan. 

4.5.4 Progress and Status  Reports.- 

4.5.4.1 Monthly Prop,ress Reports.- The Contractor s h a l l  submit 
monthly progress reports  of a l l  work accomplished during 

4.5 4.2. 

each month of Contract performance. 
where a quarterly progress report i s  required, the report  
of monthly progress shall be i n c l d e d  i n  the quarterly 
report .  
s t a tus  of the development of the  Lunar Excursion Module 
including management and major technical aspects, fa- 
c i l i t i e s  and other  similar items. A quant i ta t ive de- 
sc r ip t ion  of over-all  progress, an indication of current 
problems which may impede progress and the proposed 
corrective action, and a discussion of the work t o  be 
performed during the next monthly reporting period s h a l l  
be included. 

For those months 

The monthly progress report  s h a l l  cover the 

Quarterly Progress Reports.- 
progress and s t a tus  of the development of the Lunar 

This report  s h a l l  cover 

Excursion Module i n c l d i n g  management and major technical 



aspects, f a c i l i t i e s ,  and other similar items but excluding 
costs, fo r  the preceding quarter. Major problems en- 
countered and the solutions undertaken, or  planned, sha l l  
be included. 
assistance sha l l  be highlighted. 
i n  re la t ion  t o  the master phasing and milestone schedules 
and any ac tua l  or  anticipated changes thereto s h a l l  be 
shown, e i ther  bycharts o r  by data suf f ic ien t  t o  show 
t h i s  information on the charts  previously submitted. 
addition t o  fac tua l  data, these reports sha l l  include a 
separate analysis section which in te rpre ts  the results 
obtained, recommends fur ther  action, and r e l a t e s  occur- 
rences t o  the ultimate objectives of the contract  work. 
Suff ic ient  diagrams, sketches, curves, photographs and 
drawings sha l l  be included t o  convey the intended meaning. 

Any si tuat ion requiring MSC action o r  
Progress and s t a tus  

In 

4.5.4.3 Final Report.- The Contractor shall submit a final report  
which documents and summarizes the r e su l t s  of the en t i r e  
contract  work, including recommendations and conclusions 
based on the experience and r e su l t s  obtained. The f inal  
report  shall include tables, drafts, diagrams, curves, 
sketches, photographs and drawings i n  suf f ic ien t  d e t a i l  
t o  comprehensively explain the r e su l t s  achieved under 
the contract. 

4.5.4.4 Weekly Launch S i t e  Act ivi t ies  Reports.- This report  shall 
cover the s ta tus  of the launch s i t e  a c t i v i t i e s  r e l a t ive  
t o  the preparation of the Lunar Excursion Module. 

4.5.4.5 Monthly Weight and Balance Reports.- The Contractor shal l  
prepare weight and balance reports  which provide contin- 
uous weight’ and balance information f o r  a l l  Lunar Excursion 
Module Equipment. 

4.5.4.6 Ehergency Action Reports.- These reports s h a l l  be used 
by the Contractor f o r  reporting any urgent matters which, 
unless solved immediately, could cause serious program 
delay. Such reports s h a l l  be forwarded by the most ex- 
peditious means available. 
include : 

Such urgent matters shall 

Str ikes  

Shortages of material  and equipment i n  c r i t i c a l  areas 

Transportation t ie-ups 

Safety of f l i g h t  problems 
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Critical development problems 

Factors outside the Contractor's responsibility. 

4.5.4.7 Quarterly Reliability Status Report.- The Contractor 
shall prepare reliability status reports which provide 
a comprehensive view of the reliability program inclMing 
the current demonstrated reliability level for each major 
element and component, as defined in the reliability 
program plan; a discussion of reliability problems; fail- 
ure analyses; and results of corrective action taken and 
corrective actions proposed. 
pose recommendations for redesign, tradeoffs, etc., as 
a result of the analysis. 

The Contractor shall pro- 

4.5.4.8 Still Photographs.- The Contractor shall provide still 
photographs in accordance with the detailed instructions 
and requirements of AppendixB. 

4.5.4.9 Motion Picture Photography.- The Contractor shall provide 
16-mm motion picture coverage in accordance with the 
detailed instructions and requirements of AppendixB. 

4.5.4.10 Lunar Excursion Module Flight Reports.- A report showing 
the results of each flight test shall be submitted. 
Each such report shall consist of a detailed evaluation 
of the particular flight test and shall include the 
following types of information. 

A section on the performance of each Lunar Excilrsion 
Module subsystem together with an analysis of any Lunar 
Excursion Module malfunctions and the probable cause of 
the subject malfunction. 

4,5.4.10.1 

4.5.4.10.2 A section devoted to unexpected significant Lunar Ex- 
cursion Module difficulties, or results which are en- 
countered during launch preparation, their bearing on 
future tests, and any corrective measures on product 
improvement proposed. 

4.5.4.11 Lunar Excursion Module Equipment Status Report.- This 
report shall present a list of all launch vehicle equip- 
ment indicating pertinent characteristics, qualification 
status, required qualification status, usage, reuse, 
ability, importance to mission, and flight performance 
on each part. 



4.5.4.12 Program Management Plan Reports.- The Contractor shall 
prepare h.ogram Management Plan Reports which present 
milestones and schedule dates for each subsystem and 
each major area of Contractor effort. The milestones 
shall be selected such that at least one shall be 
scheduled for completion each month. The number of 
milestones presented for each subsystem or major area 
shall be at least 25 per year, but not more than 100. 
Milestones for the first year shall be detailed but 
those for the balance of the project may be limited to 
major actions. 

4.5.5 Non-Scheduled Reports and Data.- 

4.5.5.1 Technical Data, Reports, and Analyses.- The Contractor 
shall prepare technical reports which describe the sttdies, 
analyses, and results of the contractual effort. The re- 
ports shall be prepared at times when complete blocks of 
work have been accomplished and, if appropriate, a s  
logical subdivisions thereof. 
shall not be combined in a single docunent, but shall be 
published individually. The individual reports shall 
cover such technical specialties as stress analyses, 
reliability analyses, failure-mode analyses, etc. 

Major technical areas 

4.5 -5.2 Design Information.- The Contractor shall establish a 
method of submitting and shall submit periodically, pre- 
liminary design information before finalization of design 
to assist in expediting the interchange of design data 
and to keep MSC technical design groups continually and 
currently apprised of the Contractor's activities, 
philosophy, approaches, solutions and design evaluations 
of all phases and facets of design. This procedure will 
allow MSC technical personnel the prerogative to comment 
before all design features are finalized and Will tend to 
expedite the final approval of Type I documentation. 

4.5.5.3 Materials Reports.- These reports shall be submitted in 
accordance with the clause contained in the contract ' 

schedule entitled, "Materials Reports." 

4.5.6 

4.5.6.1 

Qualification Reports and Data.- 

Qualification Status List.- 
and maintain a status list showing the planned and com- 

The Contractor shall prepare 

pleted qualification of each part, component, and sub- 
system for which he is responsible. The basis for quali- 
fication of those parts and components for which qualifi- 
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4.5.6.2 

4.5.6.3 

k.5.6.4 

4.5.7 

4.5.7.1 

4.5.7.2 

4.5 *7 a 3  

4.5.7.4 

cation tests are not required sha l l  be shown. Where 
qua l i f ica t ion  is  based on qual i f icat ions t e s t s  conducted 
by the 'Contractor, the date  of such t e s t s  and reference 
t o  the de ta i led  t e s t  reports  s h a l l  be shown. 

Qualification T e s t  Reports and Data.- 
results of a l l  qua l i f ica t ion  t e s t s  sha l l  be maintained 
and indexed i n  a master f i l e  by the Contractor. Reports 
s h a l l  be forwarded t o  the NASA Apollo Spacecraft Project  
Office showing the r e su l t s  of a l l  qua l i f ica t ion  t e s t s .  

Data showing the 

Failure Data.- 
reports on a l l  f a i lu re s  which occur on Contractor- 
furnished and Government Furnished Quipment during a l l  
phases of tes t ing,  operation, e t c .  

The Contractor s h a l l  prepare failure 

Monthly Failure Summary.- 
a monthly f a i l u r e  sumary which summarizes the failure 
reports  prepared above. 

The Contractor s h a l l  prepare 

Quality Control Reports.- 

Acceptance T e s t  Data Sheets.- Copies of data  sheets 
showing the r e s u l t s  of acceptance tests performed by 
the  Contractor on major end items of Ground Support 
Equipment and on major components of the Lunar Excursion 
Module s h a l l  be prepared and furnished f o r  review by the  
NASA Manned Spacecraft Center. Acceptance t e s t  data on 
a l l  other items s h a l l  be maintained 5y the  Contractor 
and s h a l l  be made avai lable  for  review by representatives 
of t h e  NASA Manned Spacecraft Center upon request. 

Data and Reports on Other Tests.- Data showing the re- 
sults of a l l  required tes ts  not otherwise provided f o r  
herein, which are the responsibi l i ty  of the Contractor, 
s h a l l  be recorded and maintained on f i l e ,  Reports sha l l  
be submitted on each of these tests or  t es t  series. 

Special Sampling Plans.- 
special  s a p l i n g  plans (defined as those other than 
mi l i ta ry  standard sampling plans) i n  accordance with 
the provisions of Paragraph 12.3 of Referencel l .  

The Contractor s h a l l  provide 

Quality Control Plan.- The Contractor s h a l l  provide a 
Quality Control Plan i n  accordance with the provisions 
of Paragraph 3.1 of Reference 11. 



4.5.7.6 

4.5.7.7 

4.5.7.8 

4.5.7.9 

4.5.7.10 

4.5.7.11 

4.5.8 

4.5.8.1 

4.5.8.2 

Inspection, Measuring, and Test Equipment Procedures.- 
The Contractor s h a l l  provide inspection, measuring, and 
tes t  equipment procedures i n  accordance with the pro- 
visions of Paragraph 9.6 of Reference 11. 

Monthly Quality Report.- The Contractor s h a l l  provide Q 

Monthly Qual i ty  Report i n  accordance with the provisions 
of Paragraph 14.2 and Paragraph 14.3 of Reference -11. 

Quarterly Smnaries of Qual i ty  Control Performance 
Audits.- !Jke Contractor s h a l l  provide quarter ly  sum- 
maries of qual i ty  performance audits i n  accordance with 
the provisions of Paragraph 15.2 of Reference 11. 

Inspection and Tes t  Procedures.- The Contractor s h a l l  
provide inspection and tes t  procedures i n  accordance 
w i t h  t h e  provisions of Paragraph 7.3.1 of Referencell. 

Process Control Procedures.- 
process control procedures i n  accordance with provisions 
of Paragraph 7.5.4.1 of Reference 11. 

The Ccntractor sha l l  provide 

Storage Procedures f o r  End Items.- 
provide storage procedures for  end items i n  accordance 
with the ,provision of Paregraph 11 .5  of Referencell. 

The Contractor sha l l  

Application of Sampling Plans,-  
provide d e t a i l s  of the application of sampling plans i n  

"le Contractor s h a l l  

accordance with the provisions of paragraph 12.3 of 
Reference 11. 

Drawings.. Drawings, layouts of various major assemblies, 
inboard prof i les ,  e tc . ,  required by the NASA f o r  coordin- 
ation, technical monitoring, and/or information sha l l  be 
furnished t o  authorized representatives of the NASA upon 
request both pr ior  t o  and subsequent t o  release.  

Maintenance of Drawings.- The Contractor shall  maintain 
a complete up-to-date set  of Contractor and Subcon- 
t r ac to r  drawings suf f ic ien t  t o  describe each of the  
equipments f o r  which he i s  responsible. These drawings 
sha l l  be prepared using the Contractor's i n t e r n a l  draw- 
ing system and shall conform t o  high qual i ty  commercial 
standards. 

Final Drawing Submission.- The Contractor sha l l  submit 
on microfilm a s e t  o f  engineering drawings su f f i c i en t  t o  
enable manufacture of any equipment o r  items furnished 
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under the contract (other than components or items of 
standard commercial design or items fabricated heretofore) ; 
or a set'of flow sheets and engineering drawings sufficient 
to enable performance of any process developed under the 
contract. 

4.5.8.3 Drawing Approval.- Approval of Contractor's drawings 
will be general and will not relieve the Contractor from 
the responsibility for the correctness of the drawings 
furnished by him, nor for their compliance with the 
specifications, nor for proper fitting and construction 
of the work, nor for furnishing materials and work re- 
quired by the contract which may not be indicated on 
the drawings when approved. 
tractor's drawings shall not be construed as approving 
changes in scope of the contract. 

4.5.8.4 Drawing List.- The Contractor shall prepare a drawing 

The approval of the Con- 

list which presents all assigned drawing numbers, titles, 
release dates, effectivities, next assembly numbers, and 
next assembly titles. 
of each drawing. Periodic revisions shall reflect addition6 
and deletions. 

It shall include a brief description 

4.5.9 Support Manuals.- The Contractor shall prepare and provide 
m a n u a l s  to define, in detail, operating instructions as 
well as maintenance, check-out, and test procedures as 
indicated in the following paragraphs. 
and procedures contained in the manuals shall be arranged 
to permit operation, maintenance, check-out or test of 
the equipment covered by the appropriate manual in the 
minimum feasible amount of time. The material shall be 
designed to be readily understood by the pereonnel who 
will operate and/or maintain the equipment. 

The instructions 

4.5.9.1 Check-out Manuals.- The check-out manuals shall provide 
the procedure and information required to perform check- 
out tests of the appropriate systems. They shall permit 
complete check-out in the maintenance area or launch site. 

4.5.9.2 Lunar Excursion Module Operations Manuals.- Lunar Ex- 
cursion Module operation manuals shall define the detailed 
procedures required to perform the tasks directly associ- 
ated with the Lunar Excursion Module prior to, including, 
and subsequent to launch. The manuals shall present, in 
sequential order, the instructions for tasks performed 
by members of the team who participate in Lunar Excursion 
Module operations. 



4.5.9.3 Lunar Excursion Module Flight Operation Manual,- 
This operation manual sha l l  provide the instruct ions 
and,procedures t o  be followed by the crew involving the 
Lunar Excursion Module. 
the  crew sha l l  be presented i n  a log ica l  sequence i n  
individual sections pertinent t o  each phase, of the 
mission. 

The tasks t o  be performed by 

4.5.9.4 Maintenance and Repair Manuals.- These manuals sha l l  
provide complete instruct ions and procedures for the 
maintenance and repa i r  of the  Lunar Excursion Module 
and associated Ground Support Equipment. 
s h a l l  be provided f o r  each major i t e m  of equipment o r  
subsystem. 

A manual 

4.5.9.5 Lunar Excursion Module Familiarization Manual.- The 
famil iar izat ion manual s h a l l  provide a descr ipt ion of 
the complete Lunar Excursion Module. 
system s h a l l  be described i n  general terms but  w i t h  
suff ic ient  detail  t o  convey a clear  understanding of 
the  system as a whole. "his manual s h a l l  cover the 
generel operational procedures and include a reference 
index of a l l  support manuals. This manual shall serve 
as an orientation-indoctrination type document and as 
a reference document containing information r e l a t ive  
t o  a l l  systems and major components. 

Each operational 

4.5.9.6 Ground Support Equipment Manuals.- A manual s h a l l  be 
provided f o r  each major item of Ground Support Equipment. 
The manuals sha l l  contain all. the prozedwal instruct ions 
d i r ec t ly  associated with, and required for ,  operation 
and check-out of the ground support equipment. 

4.5 *9 07 Description Manuals.- A Description Manual s h a l l  be 
prepared f o r  each Lunar Excursion Module intended for  
f l i g h t  and s h a l l  provide a description of the complete 
module and associated GSE. Each operational system s h a l l  
be described i n  suf f ic ien t  de ta i l  t o  indicate  i t s  operating 
charac te r i s t ics  and l imitat ions.  Deviations of d e t a i l  ' 

design or  operation from t h a t  which i s  established as 
standard f o r  "protection" i t e m s  should be spec i f ica l ly  
ident i f ied .  The manuals w i l l  serve as a s e r i e s  of docu- 
ments t h a t  es tab l i sh  the exact configuration of each 
module and i t s  associated GSE. Timely revis ion and 
updating of each manual shal l  be provided f o r .  
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Transportation and Handlina Menuals. - These manuals s h a l l  
provide the procedures and special  requirements f o r  
transportation, handling, and storage of the Lunar Excursion 
Module and major items of GSE. 

-- 4.5.9.8 

495-9.9 Treining Manuals. - The Contractor s h a l l  provide t ra in ing  
manuals fo r  the NASA-conducted f l i gh t  crew and ground crew 
t ra in ing  programs associated with the t ra ining equipment 
supplied by the  Contractor. Each t r a ine r  o r  part t r a ine r  
supplied by the  Contractor shall be provided with a 
maintenance manual giving complete instruction f o r  repair 
and maintenance of the  equipment and an instructor’s  
manual which sha l l  include operating instructions and a 
reccamnended syllabus for  the use of the t ra iner .  A f l i g h t  
operational t ra ining manual’ (a )  shall be provided sui table  
for use i n  the  combined f l i g h t  crew and flight monitor 
training. 
t e r i s t i c s  of the equipment i n  terms of the display6 avail-  
able t o  the f l i g h t  crew and ground crew. 
the maJor types of malf’unctions and how they may be iso- 
lated by ground and fl ight crews. A recommended syllabus f o r  
f l ight monitor-flight crew combined exercises shall be 
provided. 

This manual s h a l l  describe operational charac- 

It sha l l  describe 
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TNTRODUCTION. - The Technical Approach Section presents 
a tkchnical description of the operational and f l i g h t  
plans and systems approach for  the Apollo Spacecraft. 
The description consti tutes a technical framework within 
which the i n i t i a l  design and operational mbdes of the 
Spacecraft are t o  be fur ther  developed. 
describes the character is t ics  of the major systems of 
the Lunar Excursion Module. Other sections contain 
information which is  a l so  per t inent  t o  the development 
of the Lunar Excursion Module. 

Section 3 . 4 . 3  

The Apollo Spacecraft, operational, and f l i g h t  plans 
described herein are  defined by the requirements of 
the ultimate mission, lunar landing, and return.  The 
resulting basic  systems are then considered t o  be 
off-loaded for intermediate missions and qual i f icat ion 
f l i gh t s .  

Several techniques for  effecting ear th  and/or lunar- 
launch have been investigated with corisideration given 
t o  capabi l i t i es  of various launch vehicles and operation- 
a l  know-how. The Spacecraft System described i s  designed 
for d i r e c t  earth-launch and a lunar orbit rendezvous 
technique fo r  performing the lunar-landing and lunar 
launch phase. 



MISSION DESCRIPTION - The lunar o r b i t  rendezvous technique 
involves t h e  inject ion of the complete Apollo Spacecraft 
i n to  a translunar t ra jec tory  using one Saturn C-5 Launch 
Vehicle. 
Service, and Lunar Excursion Modules. A f t e r  in ject ion 
and pr ior  t o  the first midcourse correction, the Lunar 
Excursion Module is repositioned from i t s  stowed posi t ion 
i n  the Spacecraft Adapter t o  a docked posit ion with the 
Command Module Airlock System. 
Propulsion System is  used for  performing the midcourse maneu- 
vers and f o r  placing the Spacecraft i n to  R lunar orb i t .  I n  
lunar o r b i t  the Lunar Excursion Module with two  crew 
members aboard separates from the Command Module and 
descends t o  e lunar landing. The t h i r d  crew member re- 
mains i n  the Cammand Module i n  lunar o rb i t .  The Lunar 
Excursion Module crew performs t h e i r  lunar exploration and 
return to  lunar o r b i t  with the i r  records and specimens. 
The Lunar Excursion Module crew performs a rendezvous and 
docking maneuver with the Command Module. "he crew and 
pa;yload t ransfer  t o  the Command Module and the Command 
Module, with or  without the Lunar Excursion Module, i s  
injected in to  a transearth t ra jectory by the Service 
Module Propulsion System. 

The Spacecraft is  composed of the Command, 

The Service Module 
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3.2.1 

3.2.1.1. 

, 

3.2.1.1.1 

3.2.1.1.2 

PRWECP IMPLEMENTATION CRITERIA - Considerations which 
determine the design of the Apoilo Spacecraft, i t s  opera- 
t ion,  and ground support a c t i v i t y  are  presented i n  t h i s  
section. 

Technical Guidelines. - The Technical Guidelines are  the 
col lect ion of principles t o  which the basic  technical 
approach of the space vehicle system must be responsive. 
They a r e  the f i r s t -order  c r i t e r i a  from which successive 
design c r i t e r i a ,  performance margins, tolerances, and 
environments a re  developed. 

Space Vehicle Concept. - 
Launch Vehicle - The Saturn C-5  Launch Vehicle shall be 
the basic launch vehicle fo r  lunar missions. Ear l ie r  
phases w i l l  employ other Saturn Launch Vehicles, and 
other launch vehicles may be used for  cer ta in  develop- 
ment and/or qualification f l i gh t s .  

Spacecraft. - The Spacecraft sha l l  be composed of 
separable modules such t h a t  (1) "effective weight" prin- 
c ip les  can be realizedthrough proper je t t isoning of 
expendable uni t s  ( 2 )  performance benef i t s  can be 
obtained by u t i l i z i n g  staging techniques and ( 3 )  module 
configurations peculiar t o  specif ic  missions can be 
modified,without substantial  e f f ec t  upon modules common 
t o  general missions. 
c r a f t  are  described i n  t h e  following paragraphs. 

The general features  of the Space- 

3.2.1.1.2.1 Command Module. - The Spacecraft sha l l  include a recover- 
able Command' Module which sha l l  remain essentially un- 
changed fo r  a l l  Apollo missions. 

3.2.1.1.2.1.1 Command Center .  - The Command Module sha l l  be the Space 
Vehicle command center where there a re  exercised a l l  crew- 
ini t iaked control functions during the launch, transearth,  
translunar and ear th  reentry phases. During the phase of 
the lunar landing mission i n  which the Command Module 4 s  
separated from the Lunar Excursion Module each w i l l  have i ts  
crew i n i t i a t e d  control functions unique t o  i t s  module 
operation. As the command center, t h i s  module where 
prac t ica l  shall contain the communication, navigation, 
guidance, control, computing, display equipment, etc. ,  re- 
quiring crew mode selection. I n  addition, other equip- 
ment required dur ing  nominal and/or emergency landing 
phases sha l l  be included i n  the Command Module. A s  the 
command center,  t h i s  module sha l l  include features which 
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allow effect ive crew part ic ipat ion such as windows with a 
broad , f ie ld  of view f o r  general observation, landing, 
rendezvous; equipment arrangements allowing access fo r  
maintenance; and simple, manually-operated functions i n  
l i eu  of complex automation. 

3.2.1.1.2.1.2 Housing. - The Command Module sha l l  house the three crew 
members during launch, translunar, transearth and reentry 
phases. While the Lunar  Excursion Module i s  separated 
from the Command Module f o r  performing the lunar landing 
and return the Command Module w i l l  house one crew member. 
The Command Module s h a l l  provide for  suf f ic ien t  storage 
of experimental measurements obtained during f l i g h t  t o  
s a t i s f y  mission objectives. 

3.2.1.1.2.1.3 - Reentry and Earth Landing. - The Command Module sha l l  be 

The use of equipment such 
the reentry and ear th  landing vehicle for  both nominal 
and emergency mission phases. 
as eject ion sea ts  or personal parachutes i s  not precluded 
f o r  cer ta in  cases. 

3.2.1.1.2.1.4 Ingress and Egress. - Ingress and egress hatches t o  the 
Command Module sha l l  not be obstructed a t  any stage ' 

of space vehicle countdown, f l igh t ,  and recovery. Means 
of egress t o  f ree  space without decompression of the ' en -  
t i re  Command Nodule s h a l l  be provided. 

3.2.1.1.2.2 Service Module. - The Spacecraft shall include an un- 
manned Service Module which shall contain s tores  and 
systems which do not require crew maintenance or  d i r ec t  
operation, and which are  not required by the Command 
Module a f t e r  separation from the Service Module. 
Service Module sha l l  house all propulsion systems except 
t h a t  required fo r  lunar descent, landing, and launch 
and a t t i t ude  control during earth-entry. 
Module Propulsion System sha l l  provide on a backup basis 
the propulsion required t o  successfully complete the lunar 
rendezvous manuever. Consideration s h a l l  be given t o  in- 
f l i g h t  maintenance of equipment i n  the Service Module by 
crewmen i n  extra-spacecraft su i t s .  
m a y  be modified i n  accordance with par t icu lar  mission re- 
quirements, but the principal s t ruc tura l  load paths, 
geometric arrangement, and configuration sha l l  remain un- 
changed for  various missions and project  phases. It i s  
expected tha t  the Service Module w o u l d  normally be 
jett isoned pr ior  t o  reentry in to  t h e  ea r th ' s  atmosphere. 
The Service Module sha l l  not be recoverable. 

The 

The Service 

The Service Module 
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3.2.1.1.2.3 Lunar Excursion Module. - The Spacecraft shall include 
a Lunar Excursion Module. This module w i l l  serve as a 
shut t le  vehicle for  t ransferr ing two of the crew members 
and peyload from the Apollo Spacecraft t o  the lunar 
surface and back. The t h i r d  crew member vi11 remain i n  
the Command Module of the lunar orb i t ing  Spacecraft. 
The Lunar Excursion Module w i l l  allow for crew explora- 
t i o n  i n  the v i c in i ty  of the lunar touchdown. The Lunar 
Excursion Module i s  not required t o  have lunar surface 
mobility. 
performing the separation, lunar descent, landing, ascent 
and rendezvous independent of the Spacecraft. ,However, 
provisions w i l l  be made fo r  the Command Module t o  com- 
municate and perform various tasks t o  aid in the  successflil 
operation of the Lunar Excursion Module during t h i s  phase 
of the mission. The Command and Service Module s h a l l  
provide on a backup basis the necessary guidance, control 
and propulsion t o  e f fec t  the rendezvous. 

This m o d u l e  sha l l  have the capabi l i ty  of 

3.2.1.1.2.3.1 Crew Control. - The Lunar Excursion Module s h a l l  have a 
command center where there are exercised a l l  crew- 
i n i t i a t e d  control functions during the separation from 
the Command Module, lunar descent, landing and ascent 
and rendezvous and docking with t h e  Command Module. 
This command center shall contain the communicatdon, 
navigation, guidance, control, computing, display equip- 
ment, e tc . ,  requiring crew mode select ion during lunar 
descent, landing, ascent and rendezvous. I n  addition, 
other equipment required during nominal and/or emergency 
phases s h a l l  be included i n  the Lunar Excursion Module. 
As the command center for  the lunar landing operation, 
t h i s  module sha l l  include features which allow ef fec t ive  
crew par t ic ipa t ion  such as windows w i t h  a broad field of 
view for  general observation, landing, launching, 
rendezvous; equipment arrangements allowing access for  
maintenance; and simple, manually operated functions i n  
l i e u  of ccmplex automation. The Lunar Excursion Module 
s h a l l  not be recoverable. 

3.2.1.1.2.3.2 Housiq.  - The Lunar Excursion Module shall house two 
crew members during lunar descent, landing, ascent and 
rendezvous. 
storing, and/or transmitting those experimental measure- 
ments obtained during f l igh t  t o  satisfy mission objectives. 

It shall also house equipment for  measuring, 

3.2.1.1.2.3.3 Ingress and Egress. - An ingress and egress hatch s h a l l  be 
provided i n  the h a r  Excursion Module such that the crew 
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members can t r ans fe r  between the  Lunar Excursion 
Module and Command Module i n  a docked configuration 
without being exposed to  lhe environment of space4 
external  hatch i n  the Lunar Excursion Module s h a l l  be 
provided t o  allow ingress and egress t o  the Lunar 
Excursion Module during countdown and a l l o w  e x i t  i n t o  
space while i n  the docked posit ion.  

An 

3.2.1.1.2.3.4 PrOpul8iOn. - The Lunar Excursion Module s h a l l  house al l  
propulsion systems required for  separation from the 
Command Module, lunar descent, landing, ascent, rendez- 
vous and docking. 

'3.2.1.1.2.3.5 Equipment. - The Lunar Excursion Module sha l l  have an 
equipment area for  housing s tores  and systems which do 
not require crew maintenance or d i r ec t  operation. 
s iderat ion shal l  be given t o  pa r t  of the equipment being 
jettisoned while on the lunar surface. Consideration 
s h e l l  be given t o  in f l igh t  and lunar maintenance of 
equipment i n  the equipnent area by crewmen i n  extra- 
spacecraft su i t s .  

Con- 

3.2.1.1.2.4 Spacecraft Adapter. - The Spacecraft Adapter sha l l  
s t ruc tura l ly  and functionally adapt the Service Module 
t o  the launch vehicle for non-lunar landing and lunar 
landing configurations. 
s h a l l  be capable of being stowed i n  the adapter. 

The Lunar Excursion Module 
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3.2.1.2 Operational Concept. - 
3.2.1.2.1 Mission Profiles. - The Spacecraft s h a l l  be designed 

w i t h  the capabi l i ty  of performing a var ie ty  of 
missions including earth o rb i t a l ,  circumlunar, lunar 
orb i t ,  and lunar landing. 

3.2.1.2.2 Manning of Flights. - The Spacecraft s h a l l  be designed 

Where unmanned development f l i g h t s  
f o r  manned operation with no system requirement fo r  
wunanned missions. 
are required specially equipped Spacecraft w i l l  be used 

3.2.1.2.3 Onboard Command. - The primary command and decision- 
making responsibi l i ty  s h a l l  be onboard the Spacecraft. 
The Spacecraft s h a l l  have the capabi l i ty  t o  perfom 
the mission independent of ground-based information. 
This s h a l l  not preclude the use of ground-based infor- 
mation f o r  crew use t o  increase r e l i a b i l i t y ,  accuracy, 
and performance. The Lunar Excursion Module shall 
have the capabi l i ty  t o  perfonn ito phase of the mission 
independent of the Command Module and ground-based 
lnf ormat ion. 

of three men. The f l i g h t  crew f o r  the Lamar Excursion 
Module operation during lunar descent, landing, ascent 
and rendezvous s h a l l  consist  of two of the three Space- 
c r a f t  crew members. The t h i r d  crew member remains in  
the dommand Module i n  lunar o rb i t .  

3.2.1.2.4 FlQht Crew. - The Spacecraft f l i g h t  crew s h a l l  consist  

3.2.1.2.4.1 Crew Participation. - The f l i g h t  crew shall control o r  
d i r ec t  the control of the Spacecraft throughout a l l  
f l i g h t  modes. They s h a l l  par t ic ipa te  in navigation, 
control, monitoring, computing, repair ,  maintenance, 
and sc i en t i f i c  observation when advantegous. Status 
of systems shall be displayed f o r  crew assessment and 
operational mode selection including Spacecraft and 
launch-vehicle-systems s ta tus ,  steging sequences, and 
touchdown control. The Spacecraft s h a l l  be designed' 
so t h a t  any single crewman w i l l  be able t o  perform a l l  
tasks es sen t i a l  t o  return the Command Module. The Lunar 
Excursion Module shall be designed so t h a t  any single 
crewman w i l l  be able to  perform a l l  tasks essential t o  
return the Lunar Excursion Module t o  the Command Module 
and successfully performing the rendezvous and docking 
maneuver. 
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3.2.1.2.4.2 Crew Mobility. - The onboard command guideline requires 
a considerable degree of crew mobility. Towards t h i s  
end, .a "shirtsleevet '  environment sha l l  be provided in  
the Command Module during a l l  f l i g h t  phases. 
of the Lunar Excursion Module during its normal operation 
w i l l  be in  extra-spacecraft s u i t s  w i t h  open face plates.  

Automatic Systems. - Automatic systems s h a l l  be employed 
t o  obtain precision, speed of response, o r  t o  re l ieve 
the crew of tedious tasks; but crew monltoring of these 
systems with provisions for  crew override or mode 
select ion is required. 

Abort In i t ia t ion .  - In i t ia t ion  of abort and subsequent 
control of abort modes sha l l  be primarily the responsi- 
b i l i t y  of the crew. There shall be no abort  responsi- 
b i l i t y  assigned t o  ground command o r  automatic systems 
except during prelaunch and launch periods i f  there 
is insuff ic ient  time f o r  crew action. In such event, 
abort may be i n i t i a t e d  without crew cognizance but 
subsequent f l i g h t  control shall be the responsibi l i ty  
of the crew. 
modes shall be available f o r  crew selection. 

The crew 

3.2.1.2.4.3 

3.2.1.2.4.4 

Automatic and manual abort sequence 

3.2.1.2.5 F1 ight  -T ime .Capab i 1 i t y  . 
3.2.1.2.5.1 Fl ight  Period. - The Command and Service Module systems 

s h a l l  be capable of performing at  their  nominal design 
performanc; l eve l  f o r  a mission of 14 days without re- 
supply. 
may be i n  lunar orbi t .  The Lunar Excursion Module 
pystems shall be'capable of performing a t  their nominal 
design performance leve l  for  a mission of 48 hours 
without resupply. 
w i l l  be spent on the lunar surface and must be con- 
sidered in  the systems designs. 

For limar landing missions, 7 of the 14  days 

1 
A considerable amount of t h i s  time qP: ' 

3.2.1.2.5.2 Postf l ight  Period. - The Command Module s h a l l  provide 
the crew a habitable environment fo r  one day and a sur- 
vivable environment fo r  one week following a land o r  
water landing. 

Ea r th  Landin&. - The Spacecraft s h a l l  have the capabi l i ty  
of in i t i a t ing  a return and earth landing maneuver at any 
time during e i t h e r  lunar or  o rb i t a l  missions. Pr ior  
t o  each f l i g h t ,  a primary ground landing s i te  and 
sui table  backup landing s i t e  w i l l  be selected f o r  normal 
mission landing. 

3.2.1.2.6 

Additional c r i t e r i a  apply as follows: 
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3 . 2.1.2.6.1 Lunar Missions.- Alternate landing sites sha l l  be deslg- 
nated pr ior  t o  flight such that a landing I s  possible at 
these s i t e s  regardless of the t i m e  of reentry. 

Earth-Orbital Mission.- The Spacecraft shall be capable 
of landing at  the primary landing site (or at the backup 
s i t e )  from at l eas t  three orbi ts  per day. In addition, 
alternate sites which 
landing w i l l  be designated such that at leaa t  one a l te r -  
nate site can be reached f o r  a landing fm each orbit. 

involve either land o r  water 

Lunar Landing.- The Lunax Excursion Module will be 
rest r ic ted t o  landing s i t e s  within + 10 degrees of lstl- 
tude t o  the lunar equator. 

c 

3.2.1.2.8 Ground Monitoring and Cammunication.- 

3.2.1.2.8.1 Earth-Orbital Missions.- 

3.2.1.2.8.1.1 mnit0r iW.-  

3.2.1.2.8.1.1.1 Powered Flight.- There shal l  be continuous monitorlag 
of onboard system and crew status during powered f l igh t .  

3.2.1.2.8.1.1.2 Orbital Flie.- Flight progress, onbosrd systems oper- 
ation, and c r e w  s ta tus  sha l l  be monitored by the ground 
operational Support System, a minimum of one contact with 
the Spacecraft per hour. 

3.2.1.2.9 

G r o u n d  Communications.- The network shall dperate on a 
centralized control basis. 

Lunar Missions.- The Spacecraft SU be designed t o  
permit the Lunar hcursion Module, Command Module, and 
earth stations t o  communicate direct ly  with one another, 
except when shielded by the moon i n  which case advantage 
may be taken of any stat ion 's  relay capability. When the 
Spacecraft i s  on the far side of the moon, consideration 
should be given t o  the possibi l i ty  of storing on tape 
telemetry data and voice t o  be played back upon emerging 
from moon shielding. 

Apollo Control Center.- All phases of ApoUo missions 
sha l l  be directed from an A p o l l o  Control Center. 

Communications Center.- All mission communications during 
Apollo missions shall  be controlled by the Apollo Control 
Center. 
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3.2.1.2.13 Tracking and Ground I n s t m n t a t i o n  Network.- A l l  existing 

networks and associated fac i l i t i e s  shaU be considered 
for support of (ill Apollo mission where practical. 

. .  
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3.2.1.51 

3.2.1.3.2 

3.2.1.3.2.1 

Reliabil i ty and Crew Safetyl. - Mission r e l i a b i l i t y  and 
'crew safety goals, assuring a launch vehicle r e l i a b i l i t y  
of 0.95 and including the effect  of ground complex 
re l iab i l i ty ,  but excluding consideration of radiation 
and meteoroid impact, shall be as follows: 

Mission Reliabilitx. - The probability of accomplishin 
the mission ob3ectives shall be 0.90. 
Ekcursion Module e W  have a r e l i a b i l i t y  apportionment 

The Lunar 

of 0.984. 

Crew safety. - 
Naminal. - The probability that none of t h e  crew men 
shall have been 8ubJected t o  conditions greater than 
the nominal limits specified i n  Design Criteria,  
shall be 0.90. 

EZnerRency. - The probability that none of tk crewmen 
shall have been eubJected t o  conditions greater then 
the emergency limits specified In Design Criter ia  
shall be 0.999. The Lunar Excureion Module sha l l  
have an apportionment of 0.9995. 
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3.2.2 Design Criteria. - Design and operational procedures shall 
be conducted in accordance with rational design princi- 
ples. 

3.2.2.1 Limit Conditions. - The design limit load envelopes shall 
be established by superposition of rationally deduced 
critical loads for all flight modes. 
shall recognize the cumulative effects of additive-type 
loads. 
tioning at limit load conditions. 

Load envelopes 

Zvo system shall be designed incapable of func- 

3.2.2.2 Spacecraft Maintenance. - Equipment arrangements, accessi- 
bility, and interchangeability features that allow 
efficient preflight and lnflight servicing and mein- 
tenance shall be given full consideration. The use of 
automatic checkout equipment shall not preclude manual 
entrance into and checkout of the system being checked. 
Design considerations shall also include efficient 
mission scrub and recycle procedures. 

,302.2.3 

3.2.2.4 

Ground Handling. - Full design recognition shall be given 
to the durability requirements of Spacecraft equipment 
and systems subjected to the continuous handling and 
"wear-and-tear" of preflight preparation. 

Command Module Reuse. - The Command Module and internal 
systems shall be designed for repeated mission reuse 
after recovery. "he internal. systems shall be designed 
for an operational life of three nominal missions, 
exceptions are made for systems and components normally 
classified as expendable and those flight items which 
would be unduly compromised in design by environmental 
conditions occurring after their operational function 
has been performed. 

Conrmand Module Water Stability. - Command Module flota- 
tion and water stability characteristics shall be such 
as to ensure that the Command Module will recover from 
any initial attitude and will float upright with normal 
egress hatches clear of the water. 
capability shall be such as to ensure a 7-day flotation 
period, 

Spacecraft seakeeping 
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3.2.3 Performance Criteria.- Rational margins shall be appor- 
tioned to systems and components such that the greatest 
overall design efficiency is achieved within the Launch 
Vehicle capabilities and implementation criteria con- 
straints. The following specific systems margins are 
derived from rational consideration of past and antici- 
pated operational experience. They are to be used as 
design criteria unto experience justifies modification. 

Multiple Failure.- The decision to design for single or 
multiple failures shall be based on the expected frequency 
of occurrence as it affects system reliability and safety. 

Fail  Safe.- System or component failure shall not pro- 
pagate sequentially, 'i .e., design shall "fail safe" . 

3.2-3.1 

3.2.3.2 

3.2.3.3 

3.2.3.4 Repressurization.- 

3.2.3.4.1 

Design Margins.- All Spacecraft syetems shall be designed 
to positive margins of safety. 

comrmand Module.- The repressurization system shall be 
designed for two complete cabin repressurizations, a 
minimum of 18 airlock operations, and a continuous leak 
rate as high as 0.2 lbs. per hour. Provisions shall be 
made for recharging portable life support systems ("back 
packs" ) 

3.2.3.4.2 Lunar Excursion Module.- The repressurization system 
shalL be designed for 6 complete cabin repressurizations, 
and a continuous leak rate as high as 0.2 lbs. per hour. 
Provisions s h d  be made for recharging portable life 
support systems ("back packs''). 
four hours and provisions should be made for five recharges. 

Normal "back pack" life is 

3.2.3.5 Vacuum Operation of Cabin Equipment - 
3.23 a5.1 Cammasd Module.- Equipment which is normally operated I 

in the pressurized cabin environment shall be designed 
to function for a minimum of four days in vacuum with- 
out failure. 

3.2.3 a 5 . 2  Lunar Excursion Module.- Equipment which is normally 
operated in the pressurized cabin environment shdl be 
designed to function for a minimum of two days in vacuum 
without failure. 
shall be a minimum of 4 days. 

Time period in vacuum prior to operation 
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3 2 3 10 

Thermal Resistance.- The Spacecraft modules shall be 
designed such that additional or lesser requirements 
in thermal resistance may be accommodated or taken 
@vantage of without major overall design changes. 

Meteroid Protection.- The Spacecraft modules shall be 
designed such that additional or lesser eqkrements in 
metemid protection may be accommodated or taken advan- 
tage of without major overall design changes. 

Radiation Shie1diq.- The Spacecraft modules shall be 
designed such that additional or lesser requirements in 
radiation protection may be accanrmodated or taken advan- 
tage of without major overa31 design changes. 

Isolation of Modifications.- The Spacecraft modules and 
systems shall be designed such that general modifications 
to one module or its systems do not propagate through the 
other modules . 
Advances in Technology..- Flexibility shall be incorporated 
into the design such that advantage can be taken of advances 
in technology. 

Off-the-Ped Capability., The ' Launch Escape Propulsion 
System shall be capable of lifting the Command Module 
off the launch vehicle on the pad to an altitude of 

3000 feet. 
feet and a lateral range at touchdm of at least 

3.2.3 -12 special Flight Loads . - 
3-2.3.12.1 - Tumbling at Maximum Dynamic Pressure.- Primary Command 

Module structures w e  to be designed for loads arising 
from a "tumbliIq'l of the escape vehicle at maximum dy- 
namic pressure during launch. 

3.2.3 012.2 2Og Reent-.- Primary &rmnand Module structures are to 
be designed for a limit load of x)g during reentry. 

Noise.- The design shall accommodate sound pressure levels 

from the Launch Escape Propulsion System during both 
launch and abort modes. 

3.2-3.12.3 
db in the frequency range 4 to 9600 cpa emanating 

3 2.3 ~2.4 Buffet.- "he design shall acconrmodate a buffet pressure of 
1.5 psi (rms) in the frequency range of 0 to 4 cps on the 
Service Module and Adapter during the earth-launch phases. 



3.2.3.13 Structural  Design Factors.- 

3.2.3.13.1 intimate Factor.- The ultimate factor  sha l l  be 1.5 applied 
t o  limit loads. 
special cases upon rational ana.lysis and negotiation with 
Manned Spacecraft Center. 

This factor may be reduced t o  1.35 fo r  

3 -2.3 a 1 3  a2 Pressure Vessel Design Factors.- Pressure vessels are 
t o  be designed using the following factors based on l i m i t  
loads . 

3.2.3.13.2.1 Pressure Vessel Proof Factor.- The proof factor  shall be 
1.33 when pressure i s  applied as a singular load. This 
factor  may be reduced fo r  special cases upon rationaL 
analysis and negotiation with Manned Spacecraft Center. 

3.2.3.13.2.2 Pressure Vessel Ultimate Factors.- The ultimate factor  
sha l l  be 2.00 when pressure i s  applied as a singular load. 
This factor may be reduced t o  1.5 f o r  special  cases upon 
ra t ional  analysis and negotiation with Manned Spacecraft 
Center. 
and will have an ultimate factor  of 1.5. 

The main propellant tanlu3 are a special case 

3.2.3.13.3 Pressure Vessel Limit Loads.- Limit loads shall be obtained 
with limit pressures. When pressure effects  axe relieving, 
pressure should not be used. 

3 . 2 4  .13.4 Pressure Stabilized Structures.- No prlmary structures 
s h a l l  require pressure stabil ization. 
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3.2.4 

3.2.4.1 

3.2.4.1.1 

3.2.4.1.2 

3.2.4.1.3 

Nomenclature. - 
Reference Axes. - The reference axes of the Spacecraft 
shall be orthogonal and identified as sham in figure 
1. The reference is to the crew members in their nor- 
mal earth launch position in the Cormnand Module, 
the modules. shall use the same reference axes system. 

All of 

X-Axis. - The X-AXIS shall be paralled to the nominal 
launch axis of the Space Vehicle and be positive in the 
direction of initial flight. 

- 
Y-Axis. - The Y-Axis shall be normal to the X-Axis and 
positive to the right of a crewman when the c r e m  
is facing towards positive X. 

- 
2-Axis. - The Z-AXIS shall be normal to both the X and 
Y axes and be positive in the direction of the crew- 
man's feet. 

- 
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3.2.5 

3.2.5.1.1 

3.2.5.1.2 

Crew Requirements. - Design and operational procedyres 
shall be in accordance with the crew requirements data 

limits as defined below. 
'presented here. The data presented are for various 

Nominal Limits. - Nominal limits are defined as the 
limits within which the crew's environment shall be 
maintained during normal operations.. 

Nonstressed Limits. - Nonstressed limits are defined 
as the environmental limits to which the crew m y  be 
subjected for extended periods. of time such as orbit, 
lunar transit, and periods subeequent to normBs 
landingsl . 
Emergency Limits. - Emergency limits are defined as 
the c.rvironmental limits beyond which there is a 
high probability of permanent injury, death, or 
incapacity to such extent that the crew could not 
perform well enough to survive. 

3.2.5.2 Metabolic Requirements. - The average dally metabolic 
requirements for each crew member are listed below. 

Oxygen consumption 1.8 lb/day/man 
Carbon dioxide output 2.3 lb/day/man 
Heat output 11,300 BmT/day/man 
Water consumption* 6.0 lb/day/man (This 

includes water in food; 
additional water may be 
required for sanitation. ) 

Food consumption 2800 Kcal/day/man 

*Water consumption. for the crew members whUe operating 
in the Lunar Excursion Module should be increased to 
13.2 lb/dqy/man. 

3-2.5-3 Crew Environment Requirements. - 
3.2.5.3.1 Cabin and Suit Pressure. - 
3.2.5.3.1.1 Command Module. - The cabin pressure nominal limits 

shall be 3.5 psia minimum and 15.0 psia maximum. 
The emergency limit shall be 3.5 psia minim. 

3.2.5.3.1.2 Lunar Excursion Module. - The cabin pressure nominal 
value shall be 5 psia. The suit is designed for a 
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3.2.5.3.3 

3.2.5.3.4 

3.2.5.3-5 

3.2.5.3.6 

3.2.5.3.8 

3.2.5.3.9 

nominal 3.5 psia working pressure. 
pressurized for inter-vehicular operation during normal 
cabin depressurization and for extra-vehicular operation. 

Oxygen Partial Pressure. - The oxygen partial pressure 
nominal and emergency limits shall be 160 mm Hg minimum. 

The suit will be 

Carbon Dioxide Partial Pressure. - The carbon dioxide 
partial pressure nominal limit shall be 7.6 mm Ha - 
maximum. 
figure 2. 

The emergency limits are presented in 

Cabin Temperature. - The cabin temperature nonstressed 
limits shall be 70’ I? minimup and 80’ F maximum. 
stressed and emergency limits are presented in figures 
3 and 4, respectively. 

The 

Cabin Relative Humidity. - The cabin relative humidity 
nonstressed limits shall be 1+0 percent minimum and 
70 percent maximum. The stressed and emergency limits 
are presented in figures 3 and I+ respectively. 

Radiation. - The nominal limit shall be the average yearly 
exposure, tabulated in figure 5. l’hc emergency dose limits 
shall be the maximum permissible, single acute emergency 
dose as tabulated in figure 5. Dosage calculations shall 
be based on the model presentation in figure 6 .  
absence of sufficient information to assign dose value 
due to secondary radiation, a i r e h e  of 50 percent of the 
primary dose will be used. 

In the 

Noise. - The noise nonstressed limit shall be 80 db over- 
all and 55 db in the 600 cps to 4800 cps range. 
stressed limit shall be the maximum noise level which will 
permit communications with the ground and between crew 
members at a l l  times. The emergency limit is presented 
in figure 7. 

- 
The 

Vibration. - The vibration stressed, nonstressed, and 
emergency limits are. presented in figure 8. 

Sustained Acceleration. - The sustained acceleration limits 
for eyeballs out, down, and in conditions are presented 
in figures 9, 10, and 11. The limits presented were 
obtained from references 1 through 8, and are for currently 
available restraint systems, optimum body positioning, 
and without the use of G-suits. The sustained acceleration 



A- 19. 

performance limits are defined as the maximum sustained 
acceleration to which the crew shall be subdected and 
still be required to make decisions, perform hand con- 
troller tasks requiring visual acuity, etc. 

3.2.5.3.10 Impact Acceleration. - The impact acceldration nominal 
and emergency limits are presented in figures 12 and 13, 
respectively. 

3.2.6 Natural Environment. - Design and operational procedures 
shall be in accordance with the natural-environment 
data presented here. It should be recugnized that all 
natural-environment data required for the proJect are 
not included herein. 

3.2.6.1 Launch. - 
3.2.6.1.1 Atmospheric Pressure, Density, and Temperature. - The 

surface variation of atmospheric pressure, density, 
and temperature is given in reference 9. 

3.2.6.1.2 - Wind. - The direction, magnitude, and cumulative 
percentage of surface winds are given in reference 10. 

3.2.6.1.3 

3.2.6.1.4 

3.2.6.1.5 

3.2.6.2 

3.2.6.2.1 

3.2.6.2.1.1 

3.2.6.2.1.2 

3.2.6.2.2 

Precipitation. - The average monthly precipitation is 
given in figure 14. 

Thunderstorms. - The average number of hours per month 
during which there a r e  thunderstorms is sham in 
figure 15. 

Surface Temperature. - The maximum, minimum, and average 
temperatures are given in figure 16. 

Flight. - 
Atmospheric Phase. - 
Atmospheric Pressure, Density, and Temperature. - The 
altitude variation of atmospheric pressure, density, 
and temperature is given in reference 9. 

Wind. - The variation of wind with altitude is given - 

in reference 10. 
- 
Mission Phase. 
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3.2.6.2.2.1 

3.2.6.2.2.1.1. 

3.2.6.2.2.1.2 

3.2.6.2.2.2 

3.2.6.2.2.1 

3.2.6.2.2.2.2 

3.2.6.2.2.3 

Solar Phenomena. - The hazards associated with an active 
sun are presented as a model solar event system with 
an indicated average frequency of occurrence. 

Model Solar Event. - The time integrated e e l  solar 
event is shown in figure 17. 
spectnun it is assumed that the flux of particles in 

In arriving at this 

energy range E to E 

to (time of maximum 

- .13t 
E = e  

+ dE can be described by 

tct, 
t>t, 

flux) I s  related to energy by 

Probability of Encounter:- The probability of encounter 
of a solar event shall be assessed on the basis of 
total particles in the event. 
average frequency for particles above 100 MJW over a 
seven-day mission. The total nuniber of particles 
between 5 to 100 MEV range is s h k  in figure 17. 

Figure 18 presents the 

Van Allen Radiation BeUs. -A description of the Van 
Allen radiation belts is presented in figure 19. 

Inner Belt. - The inner belt is concentrated between the 
geomagnetic latitudes of 25 degrees North and 25 
degrees South. It initiates as an altitude of 500 km 
and peaks in intensity at an altitude of 8500 km. 
The proton spectrum at the geomagnetic equator is 
presented in figure 20. 

Outer Belt. - The outer belt is concentrated between 
the geomagnetic latitudes of 50 degrees North and 50 
-. 
degrees South. 
h, peaks in intensity at an altitude of 16,000 km, 
and decreases to a minimum intensity at an altitude of 
21,000 km. The distribution of particles in the heart 
of the outer belt is presented in figure 21. 

It initiates at an-altitude of 15,000 

Meteroid Considerations. - The hazards involved in 
encountering meteroid will be assessed on sporadic 
activity only. 
activity shal l  be based upon the Whipple distribution 
presented in figure 23. 

The flux considerations for sporadic 
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3 . 2.6.2.2.4 . Electcom,agpetic Radiation. - Electromagnetic radiation 
t o  be used f o r  Spacecraft environmental analysis is 

* presented i n  reference t o  i t s  source. 

3.2.6.2.2.4.1 Solar Radiation.- The electromagnetic radiation f r o m  
the sun covering the spectrum from 60 angstroms t o  1300 
angstroms is given i n  figure 24, from 1300 angstrams t o  
2OOO angstroms i s  given i n  figure 25 and from. 2 
microns is  given i n  f i w e  26. 

3.2.6.2.2.4.2 E a r t h  Radiation and Reflection.- The earth 's  albedo 
shall be considered as 35 percerit. The remaining 65 - -  - - -  
percent shall. be considered t o  be absorbed and some 
re-emitted as t h e m  radiation. 
earth 's  albedo at local  noon is given i n  figure 27. 
The radiation a t  the center of theodark side shall be 
considered t o  originate from a 251 

Lunar Surface Properties.- The m s i c a l  chsracterist ica 
of the lunar surface and topography are given i n  reference 

The spectrum for  the 

Kblack body. 

3.2.6.2.2.4.3 

16. 

3.2.6.2.2.4.4 Background Radiation.- The background radlatiog4from 
c e p s t i a l  sources s h d l  be considered t o  be 10 
cm sec i n  the intervd. 1230 t o  1350 angstrom. 

Interplanetary Atmosphere.- The interplanetary atmos- 
phere shal l  be considered as shown i n  figure 30. 

Space Background.- The space background electromagnetic 
radiation is  presented above. 
ation shall be considered as shown i n  figure 31 which 
represents the cosmic ray flux. 

Earth Gravitational and Geometrical Constants.- The 
following earth gravitational and geometrical constants 
are t o  be used fo r  tracking and o rb i t a l  computations: 

ergs/ 

3.2.6.2.2.5 

3.2.6.2.2.6 
The corpuscular radi- 

3.2.6.2.2.7 

3 0 2. 6 2. 2.7 -1 Symbols - 
a equatorial radius, meters 

1 minor diameter 
major diameter 

E 

Q 

oblateness factor = (1 - 
acceleration of gravity at equator, meters/sec 2 

G universal gravitational constant 

h altitude above the referenne ell ipsoid,  meters 
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J 

M -8 

harmonic terms of tihe potentiel fbmtlon 

U,Y,W axis system ordinates, meters 

U potential function 

8 longitude 

astrontmlcal constant 4, 
subscripts 

e earth 

3.2.6.2.2.7.2.1 ~ u m e r i c a  values.- In the ionnula 

u = (me/r) 1 - 
Where P (sin $) I s  the Legendre polynormial and $ 
I s  the geocentric latitude, or in alternate notation: 

J~ (ae/r)'" P n (sin 8) 



i 

GQ = 3.986032 
sec 

= 1082.30 (20.2)  X 
J2 
J = -2.3 (: 0.1) x lom6 

-6 3 
54 = -1.8 (2 0.2) x 10 

A-23. 

3 

e 

J~ = 0.0 (:<2.0) x 10.6, m + o 
ae = 6.378165 ('I 0.000025) x lo6 meters 
J = 1.62345 X 

H '= -0.575 x 

D = -7875 x 

3.2.6.2.2.7.2.2 Remarks. 

3.2.6.2.2.7.2.2.1 The values of GM, . H, D and &are consistent with 
the values of geodetic parameters. 

l/c = Reciprocal of earth/flattening = 298.30 

ge = 978.030 cm/sec8 

3.2.6.2.2.7.2.2.2 m e  values of a , e, ge are those specified in,the 
DOD World Geodetic System 1960 and are here recom- 
mended for the sake of consistency. 
they are close to the best estimates for theae 
parameters. Reasonable alternative values w e d  on 
terrestrial geodetic data; e. g., those in reerence 
11 difger by less than x) meters is a,, .00001 
meters 

In addition, 

in ge, and 0.1 in l/f. 

3.2.6.2.2.7.2.2.3 The value of g, incorporates a correction of .0013 
meters/sec2 to the Potsdam standard qbMute gravity. 
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3.2.6.2.2.7.2.2.4 The values of J and JI, arc compromises between the 
values obtained by the principal investigators of 
satellite orbits as presented in references 4, 5, and 
6, with greatest weight to reference 6 and the given 
uncertainties are based on the discrepancies between 
these results. The values of J2 by these same inves- 
tigators range from 1082.19 to 1082.79xlO-6. The 
nragnitude of effect of the omitted Jm on satellite 
positions is about fb m or less (see reference 12). 

3 

3.2.6.2.2.7.2.2.5 The most serious discrepancy of determination of 
gravitational parameters is between the GM f r o m  terry 
trial data, 3.1966032 (~O.ooOOp0) X 1014 meterd/see , 
and that based on the lunar mean mcition and the radar 

ence 8); 3.9W48 is obtained from Delano's 
1/81.219 (see reference 13).  
uncertainty depends mainly on the unccrtain43iea in 
the radar measurement and the lunar radius. 

However, the stated 

3.2.6.2.2.7.3 Geometrical. - 
3.2.6.2.2.7.3.1 Numerical Values. - Figure 32 represents the astro- 

geodetic geoid data station spacing and dietribu%ion. 
The Coordinate System used has its u, v, atxl w axe6 
earth-centered, earth-fixed, and directgd t d  the 
latitudes and longitudes Oo, Oo; Oo, 90 
respectively. 

E; and 900 N., 

3.2.6.2.2.7.3.1.1 Corrections - General. - The corrections to be &ded 
to the rectangular coordinated in the u, v, and w 
system are presented in figure 33. 
are based on reference 11. 

These corrections 

3.2.6.2.2.7.3.1.2 Corrections at Stations Not Connected to thp,&d&i,c . 
System. - Stations not connected to any of t& priWi- 
pal Geodetic Systems, but which have an astronomic 
position or which are connected to a local system 
must be treated in the following way. 
latitude and longitude is to be that of the astrbxmbic 
or local system, and the ut v, and w coordinated 
obtained by the equations. 

The geodetic 

. .  



v = (U+ h) COS 8 sinX 
w = E 1  - e2) 1 + h] sin 8 
where 

and h is the elevation above the ellipsoid. If e 
= 6378165 meters and f = 1/298.30are used, and the 
height above the ellipsoid assumed to be identical 
with the height above sea level, then the standard 
error of position in the radial direction should be 

Q (r) = 2 45 meters. 

If the geoid heights from figures 2 or 3 of reference 
3 are added-to the height above sea level, then there 
will be a slight Improvement to about 35 meters. 

For the horizontal coordinates at a station in a 
geophysically stable continental area. 

O'(r 8) =crAcos 8)- -f 170 meters. 

For the horizontal coordinates from a single astronomic 
position on an island or in a geophysically disturbed 
area (mountains, etc.) 

( r 8 )  = r Acos 8 )  e +350 meters. 
By using the mean position obtained by connecting 
astronomic observations on opposite sides of an island 
by traverse this may be improved to about 

b(r 8) = c r  Acos @)=+ 250 meters. 

By using topographic isostatic corrections of the de- 
flections of the vertical this may further be improved 
to about 

C ( r  8 )  = r(r X cos 8) 4-200 meters (for a single 
station) andC(r) =d(r A cos 8) 
the mean from Observations on opposite sides.) 

+ l a  meters (for 
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3.2 6 2 2.7 3.2 

The values recommended for Argentina and Australia 
are based on the assumption of tangency at the geodetic 
datum "origins" of an % = 6378165+~~, 1/98.3 
ellipsoid, where No is the geoid height at the datum 
origin given in figures 2 and 3 of reference 11. 

The Vanguard Datum was based on the assumption of 
tangency to NAD at it6 origin (97%, 263Og) of the 
Haugh Ellipsoid 

+ = 637823-0 

f = 1/m.o 

The SA0 SP 59 datum (see reference 14) is based on 
the assumption of tangency to the conventiod datums, 
corrected by gravimetrically computed deflections, 
of the vertical (except in Argentina), of the Inter- 
national Ellipsoid 

ae = 6378388 

f = l/W*O 

The large differences from reference 11 datum are due 
mainly to this use of an obsolete ellipsoid and 
secondarily to the utilization of much less observa- 
tional data. 

Note that all datum shifts are described as transla- 
tions; there are no rotations. For properly observed 
geodetic systems, the orientation error is negligible. 
Orientation of geodetic systems is obtained rrom the 
stars through "Laplace stations," at which astronomic 
azimuth and longitude are observed. 

The standard error for difference of position between 
two stations connected to the 6ame geodetic control 
system should always be less than 20 meters. 

"he standard errors for astronomic positions in a 
continental area is based on autocovariance analysis 
of gravimetry. 



The standard error for astronomic positions on islands 
is based on a sample of 69 islands in the West Indies 
connected to the continental geodetic system by H i r a n  
t r ilat erat ion. 

3.2.6.2.2.8 Sun and Planetary Constants. - Certain sun, lunar, and 
planetary constants to be used are presented in figure 
34. 

3.2.6.2.3 Entry, Earth Landing, and Recovery Phase. - 
3.2.6.2.3.1 Atmospheric Pressure, Density, and Temperature. - The 

altitude, seasonal, daily and latitude variation of 
pressure, density, and temperature will be as presented. 
by the revised ICAO .reference atmosphere. Because this 
reference is in the process of publication the 1959 A P T  
standard atmosphere will be used until the ICAO data :G 
available. 

3.2.6.2.3.2 Wind Velocity, - The wind velocity which is exceeded 
only 10 percent of the time is presented in figure 35 
for the months of July and January. 

3.2.6.2.3.3 Wave Height. ; The wave height which is exceeded only 
10 percent of the time is presented in figure 36 for 
the months of January and July. 



E'LIGIIT PLAN. 

General. - Definitive f l i g h t  plans f o r  the  various 
missions which w i l l  be included i n  the Apollo program 
can be formulated only a f t e r  the design d e t a i l s  of 
the Space Vehicle are be t t e r  known, mission objectives 
defined i n  more detail, and more comprehensive informa- 
t i o n  is  available concerning the t radeoffs  between the  
variables which describe each mission phase. There 
are, however, some requirements concerning f l i g h t  plans 
and some information re la t ive  t o  the  choice of tra- 
jec tor ies  which are presently known. The following 
sections present the preliminary requirements f o r  
f l i g h t  plans, the e f f ec t  of variations of cer ta in  
mission parameters upon f l i gh t  plans, and an example 
of a lunar landing mission trajectory.  

- .  
I 1  ' 

I .  1 

j .  3.2 Preliminary Flight Plan Requirements. - l b e  following 
f l i g h t  plan requirements a re  considered t o  be pre- 
liminary and a p a r t i a l  list. Further s tudies  and 
experience i n  formulating f l i g h t  plan and Spacecraft 
design d e t a i l s  on t h e  par t  of NASA, t h e  Principal 
Contractor, and the  Lunar Excursion Module Contractor 
w i l l  enable more def in i t ive  requirements t o  be specified. 

a. 

b. 

C. 

d. 

e .  

Launch S i t e  - A l l  earth-orbit  and lunar missions 
are t o  be launched from C a p e  Canaverd, Florida. 
This does not preclude the use of other launch 
s i t e s  f o r  systems t e s t s .  
t o  be within the l imitat ions set by range safety 
and tracking considerations. 

The l amch azimths are 

Launch Time Window - Lunar mission f l i g h t  plans 
must include at least a 2-hour period on launch date  
i n  which the mission can be launched either con- 
tinuously or  a t  discrete  intervals .  

Number of Parking Orbits - Multiple parking o rb i t s  
are acceptable. 

Earth Orbits - Earth-orbit a l t i t udes  f o r  manned 
o r b i t a l  f l i g h t  and parking o rb i t s  f o r  lunar 
missions w i l l  be limited t o  a l t i t udes  from 50 t o  
400 naut ical  miles,. 

Translunar Insertion kosition - Final inser t ion in to  
the translunar t ra jectory s h a l l  be located such t h a t  



. .  

f. 

g* 

h. 

i. 

J 

the t ra jec tory  ca i  be determined by the Grounci Oger- 
ational Support System within 1'; minutes of' translw,;A 
inser t ion  burnout. 

'Jlrctnslunar Midcourse Corrections - As a design objec-  
t i v e  the  3 @veloci ty  requirement fo r  t ranslunar  mi\:- 
course navigation s h a l l  not exceed 500 f t / s ec  in -  
cluding the error i n  a r r i v a l  veloci ty .  

Lunar Landing - The lunar landing shall b e  initir,t 
from a lunar orbi t .  The nominal o rb i t  a l t i t u d e  I : '  

100 mutical miles. A 10' y1ar.e change capabili t ;  
shall be supplied for  establishing the i n i t i a l  n!*? 
The Lunar Excursion Module w i l l  separate from t he  
Command and Service Module and t ransfer  from t h e  
circular orb i t  t o  an c x q u a l  period e l l i p t i c a l  o rb i t  
which does not intersect  the  moon's surface. 

Lunar Landing Si te . -  Mission plans may c a l l  fo r  
several  lunar landing si tes.  The following factors  
w i l l  be considered in t h e  choice of a landing s i t e :  

Propulsion and f u e l  requirements. 

Maneuvering and hovering capabi l i ty .  

Cornmica t ion  w i t h  GOSS. 

Illumination. 

'i'emperature of' envirortrnen t . 
Surface texture.  

Ease of ident i f icat ion.  

Lunar Launch - There s h a l l  not normally be a 
requirement t o  reposit ion the spacecraft a t  t i  t u c t t -  

p r ior  t o  launch. 

Transearth and Milcourse Corrections - As 'I cic a~ 
objective the  3 Q veloci ty  requirement for  : iz : 
midcourse navigation siiall riot cxceen 500 i't /'s 
The incli i iat ion of the trarrsearth I ra,jes- tory t v  7 

e a r t h ' s  equator sha l l  bt. cornpt,ih 1 ,: T , - i I . ' )  c'x i s' i . 
tracking ska t ions  , 
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k. tleeatry - ??le Coliarla~~d i\lotlulu sliclll be cal-ublc 01' 
reentry over a r i o r ~ i i r n l  30 m u t i c a l  niile co r r ido r  
with peak dece le ra t ion  lh i tc i i  to 10~. 
of r e e n t r y  t o  be with the rotation of the earth. 

Die directior: 

Trajectory C h a r a c t e r i s t i c s .  - l l ~ e  i m t e r i a l  is presentee! 
in the order -of' t h e  d i f f e r e n t  phases of f l i g h t .  

8. 

b. 

hunch - Time Window - I n  o rde r  t o  provide a IFLUIIC~- 
E h e  window it is necessary e i t h e r  t o  maneuver t h e  
Launch Vehicle or Spacecraf t  t o  i n t e r c e p t  a plarincc! 
nominal traJectory, or to select a new t r a j e c t o z y  
which will s a t i s f y  the  mission objectives and wii"lct 
can be obtained at t he  a c t u a l  launch t h e .  IXoth 
the lunar t r a j e c t o r y  selection arid nlaneuvering of 
t h e  hunch Vehicle inetliods or ob ta in ing  Q launch 
wiridow should be d e v e l o p d  f o r  u s e  i n  t h e  Apollo 
mission. 'Ibe discussion of launch window below iz 
limited to lunar t r a j e c t o r y  v a r i a t i o n .  

To a first order of approxinution, t h e  Spcecref t  
can be injected i n t o  a l u n a r  t r a j e c t o r y  from any 
parking orbit vhioh passes over  t h e  earth surface 
point which is formed by pro,jecting the l i n e  of' 
centers betweea t h e  e a r t h  anti the moon a t  the time 
of ClOt;c6<  i n i t i a l  approach. 
due t o  the mission ob jec t ives  or performance 1075, 
a launch could be madc a t  any time of day. 
launch window is ,  %herePore, pt- imri ly  a f'iinc": i o r 1  

of the  pennissible a z i m t h  swing fo r  launch frcil1l 

Capc Camveral. Figure 37 shars the launch-tjnic- 
window and the maximum i n c l i n a t i o n  of t h e  parkL?g 
orbit  as a func t ion  of azirmth v a r i a t i o n s  
and negative from due East  launches from Cape 
Cannveral. This launch viridcrw i s  independent 01' 
lunar d e c l i n a t i o n  and can be obtained for l u n a r  
i n j e c t i o n  toward either t h e  Soxth or North. 

With no r e s t r i c t i o n  

The 

posi-t 1vc 

Parking Orbits - Ear th -o rb i t  altitude i'rom 50 t o  
LOO N.M. ray be required for e a r t h - o r b i t  launch 
time flexibility. 
booster performance is  obtained wi th  low altituclc 
la rk ing  orbits. A nominal value of orbit nl t i i .u ; lc  
for d i r e c t  l u n a r  missions is  600,000 f e e t .  
effect of launch delays on t h e  c a r t h  track of tht- 
parking orb i t  and t h e  loca t ion  of t h e  i n j e c t i o n  p i l i  

It i s  expected that the best h . ~ r t ~  

The 



shown i n  figure 3u. 
a li-hour launch window are shown us the outsidc 
so l id  l i n e s  for the condition where the launch 
aziinutli var ia t ion is  symnletrical, about a due E a s t  
launch from Cate Cmaveral. 
show the  extremes for a %hour launch window. The 
launch window results from the  use of any t ra jec tory  
between these extremes. The locat ion of t he  in- 
Jection points fo r  some important lunar declination 
is shown i n  f igure 38. 

'Ilie extreme orbit paths l'or 

The iilner broken l i nes  

C .  In jec t ion  - The character is t ic  veloci ty  requirement 
for in jec t ion  Into translunar t r a j ec to r i e s  from a 
600,OOO foot  parking orb i t  is shown i n  figure 39 
for i n i t i a l  engine thrus t  t o  Spacecraft weight 
ratios from 0.5 t o  1.5. Their r e su l t s  are applic- 
able  for a specif ic  impulse from 250 t o  500. Even 
though t he  r e su l t s  shown are terminated at 900,000 
feet, it I s  apparent t h a t  with propulsion un i t s  with 
I n i t i a l  thrust t o  weight ratios less than 1.0, t h e  
indection is possible at 200 N.M. a l t i t ude  without 
s ign i f icant  losses i n  performance. 

The approximahe area covered by the  Mercury tracking 
network f o r  5' elevation is s h a m  i n  figure 40 f o r  
seb%ral a l t i t udes .  Comparing figures 38 and 40, 
it is apparent tha t  m y  of the  Mercury tracking 
s t a t ions  are poorly locfited for coverage a t  i n j e c t i o n  
of a h-hou- launch window. For maximum Northern 
declination of the moon, t h e  inject ion point can be 
tracked fo r  nearly 14 hours of launch window with the 
s t a t i o n  i n  Australia. With the moon at  maximum 
Southern declination, the  in jec t ion  point can be 
covered for about 3 hours of launch window w i t h  t h e  
tracking s ta t ions  located i n  the  USA. 
declination n e w  Oo, however, the  launch-time 
window has r e s t r i c t ed  coverage. 
s ta t ions  and addition of several  inore would be 
required t o  give adequate coverage at  a l l  declinations.  

A t  lunar 

Relocation of some 

d. Translunar Trajectory Characterist ics.  - The nominal 
translunar t ra jec tory  €or a1.L lunar missions i s  onc 
which has a coast re turn t o  t h e  ear th  with acceptatjle 
reentry conditions. For circumlunar missions t h i s  
t ra jec tory  must ham a t ' l i g h t  t i m e  and r c t u r n  incl in-  
a t ion  which returns the vchiclc so t h a t  tlic primary 
landing area is  within t h e  rcc.ntr:,- maneuver capabil- 
i t y  of t h e  r c t n t r y  vchj c l c .  
for l u n u  Imtliny, missions eppronch t h e  1 1 1 c ~ m  t o  with- 

TIE trrtns111na.r trajctt,or.ir.:, 



in 100 nautical. miles altitude in order to minimize 
the landing propulsion requirerncrits. 

The inclination of the translunar trajectory plane 
is a function of the parking orbit inclination 
and the lunar declination as shown in figure 41. 
Varying the inclination of the parking orbit to 
obtain launch time tolerance as indicated in this 
section will result in a change in the translunar 
trajectory inclination which in turn will have 
some effect on the inclination of the lunar orbit 
unless plane changes are made during transfer. 

The translunar trajectory is tracked with the deep- 
space network. Figure 42 shows the coverage of the 
existing deep-space network at various altitudes. 
About 15 minutes after injection, the translunar 
trajectory will be at high enough altitude for tracking. 

e. Lunar Orbit - Flight plans require establishing a 
circular l u n a  orbit at 100 nautical miles altitude 
for lunar landing missions. For lunar orbit missions 
flight plans may call for both circular and ellip- 
tical orbits within the limits of propulsion require- 
ments for the 100 nautical mile circular orbit. 
Velocity increments for establishing lunar orbits 
are shown in figure 143 (note, add 200 ft/sec for 
out-of-plane rqu.iremento). 

f. Lunar Landings - A technique for lunar landing is 
illustrated in figure 44. !The Spacecraft arrives 
behind the moon on a circuinL.1nar trajectory, a trans- 
fer is made to a 100 N.M. circular orbit about the 
moon. 
once and then at the proper position in the orbit 
the Lunar Excursion Module will be separated from the 
Spacecraft and a transfer is made from the circular.or- 
bit to an equal period elliptical orbit having a peri- 
cynthion of 50,000 feet. The landing run is initiated 
.at 50,000 feet a l t i t u d e .  The impulse requirements 
for landing on the moon for an optinrum f l i g h t  path 
for elliptical orbits having 100 nautical miles 
apocynthion and various pericynthions is shown in 
figure 45 for various initial thrust-to-weight ratios. 
Results are shown for termination of the landing run 
either horizontally or vertically at altitudes below 
lo00 feet. 

"he Spacecraft passes over the landing mea 



g ,  Lunar. Lmding Site.-  Figure 46 shovr, the l u t u r  
landing area available f o r  mir;sions wi th  trm:.I  11,' 

t r a Jec to r i c s  which return t o  ear th  with po:; i .b;r : t (<,  
reentry.  The available landing area without o r + ~ t .  
transfer is limited t o  a band of l a t i t u d e  approki- 
matcly -+ 10 degrees. The landing area i s  Y i i r h ~ : -  
restric%?d by the r e l a t ion  of the  veloci ty  tit, i t? -  
j ec t ion  t o  the  earth-moon plane. I n  general, t.tu. 
areas labeled N are available f o r  in jec t ion  w i t t i  
veloc i ty  directed t o m  the  North and the  I W Y ~ ~ L  

labeled S with veloci ty  vectors directed toward : < , I  

South. 
parking o r b i t  about the ear th ,  it iG observed t h +  
on the  f irst  pass in jec t ion  toward the North wS.:i; 
occur between longitude -100 t o  '90, which is 
generally over the Pacif ic  Ocean. It is aswmcC 
t h a t  the  f imt  half  of the parking o r b i t  mqy bt: 
needed f o r  systems check ao t h a t  in jec t ion  towar! 
the  South would be on the f irst  half of the seccrd 
o rb i t ,  roughly between -90 and +63 degrees longi- 
tude. 

Referring t h i s  information back to  t k  

h. Lunar Launch.- The probable technique f o r  launch c f  
the Lunar Excursion Module f romthe  moon on the 
return t o  the Conrmand a,nd Service Module i s  t o  l i i ' i  
off i n  an csscnticilly v e r t i c a l  maneuver from the j fJ \ * t? '  

surface and program pi tch i n t o  an e l l i p t i c a l  or:)i-!,. 
The o r b i t  is circularized a3 apocynthion a d  rcii3t.L,%l 4 , 

and docking with the  Spacecraft i n i t i a t e d  -din+ x:y. 
Inject ion on the t ransear th  trajectory is  made a? s h ~ ~  
proper t i m e .  
veloci ty  requirements f o r  v e r t i c a l  launch in to  d.i Ip- 
t i c a 3  parking orbi ts .  

Figure 47 shows the  charac te r i s t i ;  

i. Transearth.- The inc l ina t ion  and the  t i m e  of f l i g h t  
of the t ransear th  t r a j ec to ry  Itre used t o  control t:lc 
reentry i n  such a way t h a t  the  reentry t rack will. bc 
over ex is t ing  network fac Llities and t raverses  xm::mi- 
able recovery areas. Incl inat ion appears t o  be i n  
the range of from 30 t o  3T0 which d e s  use of rx'st- 
in€ 1-acil i t ies and is compatible with landing sit,+> in 
Southern Texas, H a w a i i ,  and Australia. The i njec 1.2 -).-' 

requiremnts  f o r  t ransfer  from lunar o r b i t  to tht> 
transearth t ra jec tory  are ncarly the same as those 
for establishing lunar orb i t s  shown I n  f igure 3 3 .  
nomind recntry f o r  Apollo missions is t o  be witn ,IS 

grade motion with respect t o  the ear th  t o  reduce i h  
reentry hcatme and wLden the reentry corr  Ldor . 

0 

7'7, 



j. Reentry - The 1Oi: reentry corridor fo r  L/W).>  
-40.M. for an ARDC-1953 standard atmo:;phcre:;. 
The e f f ec t s  of' atmospheric variation reih.iv. tiv... 
reentry corridor t o  about 35 N.M.. Losse:; due to 
reentry control techniques which do not; use ney'a- 
t i v e  l i f t  amount t o  about 5 N.M.. 
ent ry  corridor f o r  Apollo missions f o r  1c) g muirnuin  
deceleration is 30 N.M. 

The rnczximiun re- 

The location of the  reentry point is determined 1)) 
t h e  declination of t h e  moon at t h e  time the tr3n:;- 
earth t ra jec tory  is  in i t ia ted ,  the transit  t i m e ,  
and t h e  incl inat ion of the re turn  orb i t .  

The locus of reentry points f o r  a landing s i t e  i n  
Southern Texas and in  Austral ia  is sham i n  fi,p.re 
480f0r several  lunar declinations.  Zqe track of a 
30 reentry o rb i t  ind ica tes  t h a t  a range after 
reentry of 7,000 t o  8,000 miles is  required t o  re- 
tu rn  t o  the  Southern Texas for reentry a t  all lunar 
declinations. 
i n  Australia would reduce the  maximum required re-- 
en t ry  range t o  about 5,300 naut ical  Riles. R e t w n  
would be t o  Texas for Southern declination of the moon 
and t o  Australia f o r  Northern declinations of t h e  
moon. A typ ica l  reentry from a lunar mission for 
landing i n  Southern Texas is  s h a m  i n  f igure 4b along 

vehicle. 

The use of a second landing s i te  

with t he  landing areas, possibly w i t h  an  L/D = 0 .s 

Iixample Flight Plan. - The f l i g h t  plan presented i s  ?J?. 
example and does not represent design c r i t e r i a .  

0 
a. Lift -off  Conditions - The launch azimuth is 91 . 
11. L i f t - o f f  t o  Parking Orbit - The character is t ics  

of t h e  f l i g h t  plan fr3m launch to inser t ion in to  
a parking o r b i t  a t  an a l t i t u d e  of 600,000 feet are 
presented i n  f igures  49a and @b. 

c. Parking Orbit  - Ground tracks for t h e  i n i t i a l  ear th  
o rb i t  having a launch azimuth of 91' a r e  presented 
in figure 50. The parking o rb i t  is  circular  at  an 
a l t i t u d e  of 600,000 feet .  The only portion of the  
Continental United States over which t h e  Spacecraft 
passes during the  f i r s t  revolution is  Southern Texas. 



t l  I 

e. 

f. 

Parkj [is O r b i t  ta 'Lhnclunar - 3' I~ ' - .', j(-,ri ( 1' ' - 
begj nning of t:ie inser t ion phc: * 1:- I w  n r t y w , ~ ~  . 
aloqr, the parkin4 orbi t  depcatlin," pim the rrnci~ * a  

declination. Figure 50 shows e a r t h  t racks to;. o 1  
inser t ion  1.omt ion i n  the  mid-faci f ic region. 
cnaracter is t icc  of t he  f l ipt i t  p l a n  from thc p a k j  r ~ g  
orb i t  t o  the  tIanslimar traJ'3Ctm-y arc presentctl i n  
f igure 51. 

'I'r,c- 

Translunas md Transearth - Figure 52 presents *,;L 

translunar mu transearth trniectories for t h e  
i n e r t i a l  earth-moon system. The trarialunar tra- 
jectory has  the charac te r i s t ic  t h a t  i f  no vc1ot.i +;v 
increment i s  zpplied, t h e  S?acccraft w i l l  return 
t o  earth at, acce2table r e m t r y  conditions. 
pericynthion a l t i t ude  at the moon is  90,000 feet8. 
The re turn  or transearth tra,jectory shown f u  ficx-c' 
53 represents a continuation of the :,ransluncx 
trajectory w i t h  a break of 25 hours I ' c ) ~  landing on 
the  moon and take-off. !I?le transearsh anu trans- 
lunar trajec",oritx combiwd form e, reference c i r -  
cumlunar t ra jec tory  w i t n  proper correction for the 
lunar t i m e  break, 

The 

Lunar Orbit. - The veloci ty  increment required t ,o 
place the Spacecraft i n  a 100 nautfcat-ni le  c i r c u l a r  
equator ia l  lunar o r b i t  froni the apprr)n.r:h peric.yn- 
thion a l t i t u d e  of 1C!Q n:x1.t.ical miles : o  seen t o  be 
3415 f t /sec.  The 1.andiri;: s i te is  SIX ::-y?d as ths 
Spacecraft passes over this area durkq; i ts  first 
r evoh t ion .  As t h e  Specc ra f t  apprc:xhw a point; 
180' from the  landin:; site: the LunP-F: 71:;xcxrsion 
Module and crew w i l l .  hc  separated f rt:m the (2xmx-d. 
Modvle to await transfcx t o  an el l ipt . ic iL orb i t .  
As the  Spacecraft cippronches a point 
landing si te,  the I d m a r  Excursion Modi.;:: '.- ~ w q ~ u l . ~  ion 
system s h a l l  be "apablf. of provid i.iity, ;i. v ' . 3 - w j  ty im- 
p u l s e  of 655 f t / s e c  +.a >.t,t,ain t h e  d,:.:: Ln:(i ell ipti6:;  i 
o r b i t  w i t h  a per icynt t ! inr i  a l t i t ude  1:i- i:t-)!OO!l feet 
(.this includes a :lo T ~ : . x I ~  change). 

0 from thc 
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velocity are near zero. The Lunar Excursion M u l e  . 
shall have the capability to hover at this altitude 
arid translate 1000 feet for a time of two minutes. 
The velocity impulse required to perform these 
maneuvers is 7243 ft/sec. 

h. Lunar Launch - The characteristics of the flight plan 
from lunar take-off to insertion into the elliptical 
parking orbit are presented in Figure 55. Transfer 
of the Lunar Excursion Module from its elliptical 
orbit to Command/Service Module circular orbit w i l l  
be accomplished by the Lunar Excursion M u l e  prot 
pulsion system. The Lunar Excursion Module propul- 
sion system shall be capable of producing a velocity 
impulse of 6395 ft/sec to accomplish this phase (this 
includes 50 plane change maneuver). 

' 

i. Rendezvous and Dockinq - The rendezvous and docking 
maneuvers will be accomplished by the Lunar Excursion 
Module with the Command/Service Module taking cor- 
rective action as backup to the Lunar Excursion Mo- 
dule guidance and propulsion systems. 
capability of 600 ft/sec will be required for com- 
pletion of rendezvous and docking. 

A velocity Impulse 

Launch from Lunar Orb i~ . -  The transfer fran the 100 
nautical mile circular orbit to insertion into the 
transearth trajectory is accomplished by the appli- 
cation of a velocity increment of 4.097 ft/sec at the 
insertion. "his velocity increment is provided by 
the Service Module propulsion system. 

k. Transearth - "he transearth trajectory is presented 
in figure 53. 

1. Reentry - The return perigee altitude is 120,000 feet, 
the velocity at perigee is 36,320 ft/sec, and the re- 
ference reentry altitude is h , O O O  feet. 
which the reentry altitude is reached is 4:OO p.m. 
local time, for the primary flight plan of 167 hours 
after launch. A ground track of the transearth and 
reentry phase of the flight plan is shown in figure 
53. The possible landing area extends from the Wes- 
tern Pacific across the Southern United States and 
into the South Atlantic. The characteristics of the 
Spacecraft during reentry are for an L/D ratio of .5 
and a W / C d  of 50. 
plan during reentry are presented in figure 56. 

The time at ' 

The characteristics of the flight 

e- 
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3.4 

3.4.1 

3.4.1.1 

3.4.1.2 

3.4.1.3 

3.4.1.3.1 

3.4.1.3.2 

3.4.1.3.2.1 

3.4.1.3.2.2 

3.4.1.3.2.3 

SPACECRAFT SYSTEMS. - A description of the characteristic8 
of the Spacecraft and its systems is presented in this 
sect ion. 

Spacecraft Configuration. - The physical relationship 
of Spacecraft Module8 and mador components is specified 
graphically by schematics with identifying notes. &e- 
cise arrangements and detailed mechanical features are 
not intended to be inferred by the figures. 

General Arrangement. - The Spacecraft arrangement for 
lunar landing missions is shown in figure 57. 

Mission Arrangements. - spacecraft arrangements for the 
various missions up through lunar landing are shown in 
figures 58, 59, 60, and 61. These arrangements demonstrate 
system buildup and off-loading techniques convenient 
to component development and Launch Vehicle capabilities. 

Command Module. - The Command Module physical features 
are defined 'by aerodynamic and heating performance 
requirements and crew utility and well-being consider- 
at ions. 

Geometric Characteristics. - The basic external geometry 
of the Command Module is shown in figure 62. 
mand Module shall be a symmetrical, blunt body developing 
a hypersonic L/D cf appraximtitely 0. W. The LID vector 
shall be effectively modulated in hypersonic flight. 
The modulation is achieved through constant c.g. offset 
and roll control. 

The Com- 

Inboard Profile. - Basic arrangements of internal features 
fundamental to full utilisatlon of the Command Module 
geometry are shown in figures 63, 64, 65, and 66- 

Load Mitigation Swept Volume. - The crew is suspended on 
discrete load mitigation devices which normally act on 
earth-landing impact. The swept volume displayed by this 
load mitigation stroke is significant and is to be recog- 
nized in the internal layout. 

C r e w  Space Equipment. - Crew space equipment shall be 
free of protrusions and snags. 

Center-of-Gravity Management. - Consideration shall be 
given to the arrangement of water stores to permit center- 
of-gravity management. Alteration of crew positions may 
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be used for center-of-gravity management where orientation 
with respect to displays and controls is not limited. 

3.11.1.3.2.4 Center Aisle. - The center crew support equipment is 
readily removable and stowable. 
aisle which is required to make f'ull use of the volume 
and give ready access to all regions. 

Air Lock Operation. - An air lock is extended into the 
center aisle region for transient conditions and allows 
exit or egress to or from the Command Module in the 
environment of space from either side. 

This provides a center 

3.4.1.3.2.5 

See figure 63. 

3.4.1.3.2.6 Head Room. - Ground and flight crews performing maintenance, 
repair and checkout tasks have good head room resulting 
in an efficient operation. See figure 63. 

3.4.1.3.2.7 Stations. - A variety of crew station combinations are 
obtained using various arrangements of individual 
stations. See figure 63.  

3.4.1.3.2.7.1 Left Hand Station. - The left hand station is to be semi- 
permanently fixed in the near launch condition. Capa- 
bilities for movements to better utilize displays &d 
to achieve comfort are to be provided. 
ment on the outboard side is achieved by a movement 
capability which uncovers the area of concern. 

Access to equip- 

3.4.1.3.2.7.2 Center Station. - The center station is stowable and may 
be replaced by many combinations of crew orientation 
during flight. . 

3.2.1.3.2.7.3 Right Hand Station. - The right hand station can have 
the same capabilities as the left hand station or it 
can be stared as is the center station depending on 
mission requirements. 

3.4.1.3.2.8 Visibility. - A broad field of view is provided by 
windows over the crew's heads in the launch condition. 
These windows are covered by heat protection elements 
during launch, reentry and general flare activity at the 
descretion of the crew. 

3.4.1.3.2.9 Access and Egress Hatches. - Three outward opening hatches 
are  provided in the Comniand Module just above the crew's 
heads. The windows for broad field of view are incor- 
porated in these hatches. 
ground access, servicing and maintenance. The three 

A11 hatches are used for 



3.4.1.3.2.10 

3.4.1.3.2.11 

3.4.1.3.2.12 

3.4.1.4 

d ?. 4.1.5 

3.4.1.5.1 

hatches provide the crew with individual bailout or 
,other types of emergency egress without interfering with 
each other's activity. Normal access and egress for crew 
and all onboard equipment installation is achieved through 
the use of the lasge center hatch. 

Earth Landing System. - The Esrth Landing System is stowed 
in the upper portion of the af'terbody. See figure 66. 

Reaction Control. - The tankages and other impact sensi- 
tive elements for the Reaction Control System are stowed 
out of the nominal impact area. See figure 66. 

Load Mitigation. - "he nominal impact area is provided 
with load mitigation structure which absorbs the initial 
energy of impact for the Command Module. See figure 66. 

Spacecraft Adapter. - The method of attachment, basic 
structure and external geometry with the exception of 
length shall be identical between Spacecraft Adapters 
for all mission configurations. 
shall be compatible with the adjoining modules and pro- 
pulsion stages. 
satisfy the requirements of the Launch Vehicle. 
construction shall be buffet and noise resistent in 
atmospheric phase of flight. 

The adapter structure 

Its overall bending stiffness shall 
Its 

Lunar Excursion Module. - The Lunar Excursion Module 
general landing configuration is shown in figure 67. 

Stowed Configuration. - The Lunar Excursicn Module is 
stowed in the adapter region, and the landing gear is 
stowed extended aft. 

3.4.1.5.2 Access. - Free access to the Lunar Excursion Module 
upper cabin region shall be provided through panels in 
the adapter opposite the Lunar Excursion Module access 
hatch. 
Excursion Module lower propulsion, equipment and landing 
gear region through panels in the lower region of the 
spacecraft adapter. 

Free access shall a l s o  be provided to the Lunar 

3.4.1.5.3 Initial Positioning Configuration. - The Lunar Excursion 
Module shal.1 be repositioned from its stowed position 
in the Spacecraft Adapter to a docked position with the 
Command Module prior'to the first midcourse correction. 
This can be accomplished by either the Service Module 
reaction control system maneuver the Command/Service 



Module combination to a docked position or a mechanical. 
system positioning the Lunar Excursion Module to the 
docked position. The general docking arrangement Is 
shown in figure 68. 

Transluner Configuration. - The Spacecraft configuration 
for the translunar flight and up to separation of the 
Lunar Excursion Module in lunar orbit for the lunar 
landing mission is shown in figure 68. 
should be made for remotely deploying the landing gear. 

3.4.1.5.4 

Provisions 
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Command and Scrvice Modules Systems. - The characteris-  
t i c s  of the major systems included i n  t h e  Command and 
Service Modules are presented. Similar systems fo r  the 
Lunar Excursion Module a re  subsequently discussed i n  
Section 3.4.3. 

-- ------ 

3.4.2.1 Guidance and Control System. - The Guidance and Control 
System i s  comprised of a Guidance &d Navigation System 
and a Stabil ization and Control System. The s tab i l iza-  
t i o n  and Control System provides the  a t t i tude  s tab i l iza t ion  
and maneuver control requirements f o r  t h e  Spacecraft and 
f o r  combinations of Spacecraft and appropriate Propulsion 
Modules. 
s teer ing and thrust  control signals for the  Stabi l izat ion 
and Control System, Reaction Control Systems, and appro- 
p r i a t e  propulsion system and t h e i r  respective gimbal 
systems. 

The Guidance and Navigation System provides 

Navigation and Guidance S y s t e m .  - -- 3.4.2.1.1 

3.4.2.1.1.1 Functional Requirements. - The functional requirements 
of t h e  Navigation and Guidance System are presented 
below. 

3.4.2,l. 1.1.1 Space Vehicle Guidance. - The Navigation and Guidance 
.__ --- 

System s h a l l  be capable of controll ing the  inject ion of 
the Spacecraft and of providing a monitoring capabi l i ty  
of inject ion guidance t o  the  crew. This s h a l l  be 
accomplished €or both d i r ec t  ascent and f o r  inject ion 
from a parking orb i t .  

3.4.2.1.1.1.2 Midcourse Guidance. - The Navigation and Guidance System ------ 
sha l l  provide navigation data and compute veloci ty  
corrections i n  c iscular  space t o  achieve terminal con- 
di t ions a t  the moon a d  ear th which allow a safe  lunar 
landing and earth reentry,  respectively. Enroute t o  t h e  
moon a mission abort capabi l i ty  shall be provided. 

3.4.2.1.1.1.3 Reentry Guidance. - The Navigation and Guidance System 
sha l l  be capabG of gutding the  Comxand Nodule during 
reentry through t h e  ear th ' s  atmosphere t o  it prcsclected 
l sndiLng s i t e  on the earth.  T h i s  capabi l i ty  s h a l l  bc 
provided fo r  reentry from lunar mlssions and e i r t h  orbi ts ,  
fror;, preinjcction aborts, and froin Tostinjection aborts. 
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3.4.2.1.1.1.5 Rendezvous. - The Naviption and Guidance System shall Le 
PI-- capable of accomplishing a rendezvous in lunar orbit 
between the spacecraft and the Lunar Excursion Module. 

3.4.2.1.1.2 System Description. - The system shall achieve simplicity 
and reliability by effectively employing the crew whenever 
equipment design advantage and crew capability are com- 
patible. The system shall achieve operational versatility 
but, when versatility results in disproportionate increase 
in equipment complexity, onboard versatility s h a l l  be 
sacrificed and reliance shall be placed upon gromd assis- 
tance. 
shall be obtained by the use of system or subsystem redun- 
dancy only if it cannot be obtained by ground cooperation 
and/or onboard emergency systems. 

The system shall be reliable but reliability 

3.4.2.1.1.3 Subsystems. - Subsystems which have been clearly identi- 
fied are the following: 
Inertial platform 
Space sextant 
Computer 
Controls and displays 
Electronics assembly 
Charts  and star catalog 

,-2 I n  addition to the above, there are requirements for 
range and/or velocity measuring equipment for terminal 
control ir, rendzzvous. 'Tiese may require either radar 

also requirements for backup inertial components for 
emergency operation. 

Stabilization and Control System. - The functional require- 
ments and a description of the Stabilization and Control 
System a r e  presented below. 

Requirements. - The system shall satisfy the following 
requirements. 

Y or visual range-finding equipment or hoth. There are 

3.4.2.1.2 

3.4.2.1.2.1 

3.4.2.1.2.1.1 Atmospheric Abort. - Flight-path control during the 
thrusting period of atmospheric abort and stability 
aucmentation after Launch Escape Propulsion System 
separation. 

Extra-Atmospheric Ahort. - Orientation, altitude control, 
and reentry stabilization and control. The system shall 
accept commands from the guidance system for thrust vector 
control and reentry control. 

3.4.2.1.2.1.2 
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! 

3.4.2.1.2.1.5 P a r k i n .  O r b i t .  - S t a b i l i z a t i o n  of t h e  Spacecraf t  while 
i n  a parking orbi t .  

--- 

3.4.2.1.2.1.4 Translunar  and Transearth. - S t a b i l i z a t i o n  and c o n t r o l  
during midcourse f l i g h t  both outbound and inbound. 
c o n t r o l  technique s h a l l  provide f u e l  economy and s h a l l  
s a t i s f y  a l l  navigat ion requirements as w e l l  as solar 
o r i e n t a t i o n  and antenna-pointing requirements. A t t i t ude  
c o n t r o l  and o r i e n t a t i o n  for app l i ca t ion  of midcourse 
c o r r e c t i o n s  shall  be provided. 

--------- 
The 

3.4.2.1.2.1.5 Lunar O r b i t .  - S t a b i l i z a t i o n  and c o n t r o l  during lunar o r b i t .  

3.4.2.1.2.1.6 O r b i t a l  Rendezvous and Docking. - S t a b i l i z a t i o n  and 
-- -- 

c o n t r o l  of t h e  Command a d  Serv ice  Module during rendez- ._  
vous and "docking" w i t h  t h e  Lunar Excursion Module. 

3.4.2.1.2.1.7 -- Reentry. - Control requirements f o r  r e e n t r y  guidance. 
Reaction j e t s  w i l l  be  employed for three-axis stabil i-  
za t ion .  Reentry c o n t r o l  w i l l  be  provided by r o l l i n g  
t h e  v e h i c l e  which i s  trimmed a t  an  L/D. 

3.4.2.1.2.1.8 Ear th  Landing. - S t a b i l i z i n g  and c o n t r o l l i n g  t h e  Cormnand 
Module wi th  respec t  t o  t h e  f l i g h t  d i r e c t i o n  i n  t h e  e a r t h  
landing  configurat ion.  
crew emplogi ng visi.ia1 r e f c r e x e .  

Command c o n t r o l  w i l l  be by t h e  

3.k.2.1.2.1.9 Spec ia l  Control Features. - Consideration s h a l l  be given 
I-- 

t o  meeting a requirement f o r  f i n e  c o n t r o l  of Spacecraf t  
rolling response t o  t r a c k i n g  c o n t r o l  commands from t h e  
Guidance and I'Javigati on Systems. Consideration s h a l l  
a l s o  be given t o  methods fo r  opt imizing o v e r a l l  system 
des ign  f o r  midcourse flight by i n t e g r a t i n g  requirements 
for  Spacecraf t  th ree-axis  c o n t r o l  and antenna-pointing 
requirements.  

3.4.2.1.2.2 System Lkscription. - The S t a b i l i z a t i o n  and Control  
System shal l  cons i s t  of t h e  fol lowing bas i c  components : 

At t i tude  re ference  
Rate sensors  
Control  e l e c t r o n i c s  assembly 
Manual c o n t r o l s  
A t t i t ude  and rate d i sp lays  
Power supplies 
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3.4.2.1.2.2.1 Attitude Reference. - The a t t i t ude  reference system pro- 
vides angular asplacement s ignals  t o  the Stabi l izat ion 
and Control System and instrument panel displays. 
primary reference system is  provided within t h e  Guidance 
and Navigation S y s t e m .  
special  a t t i t ude  sensors are not specif ied at t h i s  time. 
Some examples of these requirements follow. 

The 1 
Requirements f o r  additional 

3.4.2.1.2.2.1.1 Standby I n e r t i a l  Reference. - A standby reference which 
is capable of retaining an i n e r t i a l  reference throughout 
any combination of Spacecraf't maneuver. 
may be erected by the  primary reference system but it 
must be capable of having erected t o  an iner t ia l .  refer- 
ence independent of t h e  primary navigation system. 
should also be capable of driving panel displays. 

This system 

It 

3.4.2.1.2.2.1.2 Special Sensors. - Non-gyroscopic sensors are required 
for solar orientat ion during midcourse f l i g h t  and f o r  
third-axis control i n  connection with antenna-pointing 
requirements. 
of the  outputs of these sensors t o  control d i r ec t ly  
through the  switching logic of the electronic  assembly 
and t o  the  use of derived r a t e  from the  sensor output. 

Consideration should be given t o  the  use 

3.4.2.1.2.2.2 Rate Sensors. - Three axes rate gyro packages s h a l l  
provide s t a b i l i t y  augmentation during propulsion modes, 
maneuvers and reentry. 
sensor for the Rate C~mm6 S y s t e m  m d  require a dynamic 
range capable of dealing with a l l  vehicle configurations 
and mission requirements. 
compatible with the overall  system configuration. 

They also serve as a necessary 

Redundancy s h a l l  be provided 

3.4.2.1.2.2.3 Control ELectronics Assembly. - The Stabi l izat ion and 
Control S y s t e m  Control Electronics Assembly s h a l l  accept 
command inputs f romthe Navigation and Guidance S y s t e m  
during periods of thrust  vector control, periods of 
tracking f o r  navigation purposes, and from the s t ab i l i -  
zation and Control System a t t i tude  reference at  a31 other 
times. The Control ELectronics Assembly shall supply 
thrust command signals t o  the a t t i t ude  control  propulsion 
motors t o  establish correct orientation, s table  l i m i t  
cycle operation, and damping throughout al l  phases of 
the  mission. 
l a t ion  of similar techniques by which the  desired objec- 
tives of economical l i m i t  cycling, accurate control during 

!be control electronics s h a l l  use pulse modu- 



per iods  of large dis turbances,  and s a t i s f a c t o r y  mar,euver 
rates can a l l  be achieved with t h e  same switching l o g i c .  
F l e x i b i l i t y  t o  dea l  with a l l  v e h i c l e  configurat ions and 
mission requirements shall be a t t a i n e d  by t h e  provis ion 
of adjustments f o r  parameters such as a t t i t u d e  dead band, 
rate l i m i t s ,  and a t t i t u d e  t o  rate ga in .  To ease t h e  con t ro l  
t a s k  of t h e  p i l o t ,  t h e  s y s t e n  must be  capable of accept ing 
d i s c r e t e  "dialed" 
a t t i t u d e  followup f o r  reerigagement of a t t i t u d e  hold when 
t h e  maneuver i s  conpleted. The c o n t r o l  e l e c t r o n i c s  s h a l l  
be of modular construct ion and ?ro.Jide t h e  necessary 
redundancy and i n f l i  ght  maintenance c a p a b i l i t y .  

Manual Control. - The suggested methcd of maneuvering by 
t h e  p i l o t  is by openin., :ne o u t e r  loop and imposine rate 
commands on the  inner  r a t e  s t a b i l i z a t i o n  loop. The manual 
c o n t r o l s  shai  1 be c ? ~ a ! ~ l c  2€ operats ng a l l  r e a c t i o n  cont iul  
motors by d i r e c t  c l e c i  r; Z a J -  connection, p r o f i d i n g  emergency 
operat ion i n  case of r n t e  gyro or o t h e r  automatic s:;sterri 
f a i l u r e .  Design of t l r l n  o n t r o l s  s h a l l  provide acceptable  
f e e l  cnaractcr is t i -cs  foi. a i l  cond i-tions of f l i g h t  cnvi ron- 
ment. ProxF,.sion f o r  t h e  t n m s l a t i o n a l  con t ro l  by t h e  
crew f o r  doc,:ing and ,loverinr: ?hasps of t h e  mission 
s h a l l  be :-onj atibl e wit'- the  a t t i  tude con t ro l  systcm 
con c c i-1 t . 

o r i e n t a t i o n  commands or  provide an 

3.4.2.1.2.2.4 



3 .  .2.2.2 

3.4.2.2.2.1 

3.4.2.2.2.1.1 

. j .  ) I .  2.2.2.1.2 

Swvice Propulsion System.- 

General Description.- The Apollo Service Propulsion 
System will be located in the Service Module and be 
capable of meeting the requirements for: 

a. 

b. 

C. 

Abort propulsion after jettison of Launch Escape 
F'ropuls ion System. 

All major velocity increments and midcourse velocity 
corrections for missions prior to lunar landing 
miss ion. 

A l l  major velocity increments required for trans- 
lunar midcourse velocity corrections, placing the 
Spacecraft into a lunar orbit, fo r  rendezvous the 
Comd/Service Module with the Lunar Excursion on 
a back-up mode, for transfer of the Command/Servlce 
Module from lunar orbit to insertion into the trans- 
earth trajectory, and transearth midcourse velocity 
correction for lunar landing missions. 

A suggested,sir-&le engine schematic configuration is 
shown in figure 69. 
utilize earth-storable, hypergolic propellants, will 
include single or multiple thrust chambers with a 
thrust-to-weight ratio of at least 0.4 for all chambers 
operating, (based on the lunar launch configuration), 
and will have a pressurized propellant feed system. 

The Service Propulsion System will 

Performance Requirements.-The Service Pronlsion System 
will be required to function in several no=.mal and 
emergency modes, depending upon the mission for which 
it is being used. 

Earth Orbit Mission.- 

Earth-Orbital Retrograde Velocity.-A retrograde velocity 
is required to reenter the Spacecraft from earth-orbital 
node. 

Ehrth Orbital Corrections.-A velocity increment is 
rc.qul?e$ .',3 f:orrcct earth-orbit after insertion by 
Launch Vehicle. 
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3.4.2.2.2.1.3 Post-Atmospheric Abort.-Mission abort during post- 
atmospheric portion of launch trajectory will be accom- 
plished by the Service Propulsion System. 
Escape Propulsion System is to be jettisohed shortly after 
escape from the atmosphere, the Service Propulsion System 
will be utilized for velocity increment as required to 
provide separation from the Launch Vehicle, reentry con- 
trol, and landing point selection if required. 

3.4.2.2.2.2 Circumlunar Mission.- 

As the Launch 

3.4.2.2.2.2.1 Midcourse Velocity Corrections. -The mission trajectory 
selected will influence the magnitude of midcourse 

3.4.2.2.2.2.2 

velocity corrections required for this mission. The 
Service Propulsion System will supply gross velocity 
increments not supplied by the Reaction Control System. 

Launch Abort at Sub-orbital Velocities.-Mission abort 
during post-atmospheric portion of launch trajectory will 
be accomplished by the Service Propulsion System. After 
the Launch Escape Propulsion System is jettisoned, the 
Service Propulsion System will be utilized for velocity 
increment as required to provide separation from the 
Launch Vehicle, reentry control, and landing point 
selection if required. 

3.4.2.2.2.2.3 - Launch A3ort a5 Super-orbital Velocities.-A velocity 
increment is required to separate the Spacecraft from 
the Launch Vehicle and to reorient the total velocity 
vector such as to allar early reentry or safe orbital 
stabilization. 

3.4.2.2.2.3 Lunar Orbit Missions.- 

3.4.2.2.2.3.1 Midcourse Velocity Corrections.-The mission trajectory 
selected will influence the magnitude of midcourse 
velocity corrections required for this mission. The 
Service Propulsion System will supply gross velocity 
increments not supplied by the Reaction Control System. 

3.4.2.2.2.3.2 Lunar Capture.-In the vicinity of the moon the Service 
Propulsion System will supply velocity increment as 
required for insertion into lunar orbit from a free-return, 
circumlunar trajectory 5' out of the plane of the lunar 
orbit . 

3.4.2.2.2.3.3 Lunar Orbit Transfer.-The velocity increment is as required 
to transfer from a circular to elliptical lunar orbit. 



<.4.:-?.:!.>?.3.4 Lunar Escape Vc:locity.-The velocity increment is as re- 
quired for lunar-orbit escape and earth return. 

5.1i.2.2.2.3.5 Post-Atmospheric Abort. -Mission abort during post- 
atmospheric portion of launch trajectory will be accom- 
plished by the Service Propulsion System. 
Launcii Escape Propulsion System is jettisoned the Service 
Propulsion System will be utilized for velocity increment 
as required to provide separation from the Launch Vehicle, 
reentry control, and landing point selection if required. 

Mter the 

3.4.2.2.2.3.6 Super-Orbital Abort.-The velocity increment is 8s required 
to separate the Spacecraft fromthe Launch Vehicle and to 
-i-eorient the total.velocity vector such'as to allow early 
reentry or safe orbital stabilization. 

< , l i s  2.2.2.3.7 - _  Post -Injection Abort. -The velocity increment is as 
required to separate the Spacecraft from the Launch Vehicle 
and to reorient the total velocity vector such as to 
t t l l ow early reentry or safe orbital stabilization. 

j . l i .  2.2.2. IC 

: . ) I  -:'v2.2.1+.l 

Lunar Landing Mission. - 
I Xidcourse Velocity Correction.-The mission trajectory 
sclected will influence the magnitude of midcourse velocity 
corrections required for this mission. 
7'ropLilsion System will supply gross velocity increments 
;lot, supplied by the Eeaction Control System. 

The Service 

. -  1.2.:2.2.4.2 Lunar Capture.-In the vicinity of the moon the Service 
Propulsion System will supply velocity increments as 
required for insertion into lunar orbit from a free- 
return circumlunar trajectory 5' out of the plane of the 
lunar orbit. 

e ! #  2.2.2.4.3 Lunar Escape Velocity. -The velocity increment is as required 
for lunar-orbit escape and earth return. 

I I ' 1  ". 2.2.4. IC Post-Atmospheric Abort. -Mission abort during post- 
atinosplieric portion of launch trajectory will be accom- 
plished by the Service Propulsion System. 
Launch Escape Propulsion System is jettisoned, the Service 
Propulsion System will be utilized for velocity increment 
as rcquired to provide separation from the launch vehicle, 
rccntry control, and landing point selection as required. 

After the 

/ .  1 1  ''. ;!. 2.4.5 Super-Orl,ital Aljort. -The vel.ocity increment is as required 
to seT):u*atc the Spacecraft from the Launch Vehicle and to 
rl.mri&t the tot& vclocity vector such as to allow early 
rc-a-t ,ry or safe crbi'tal Gkabilization. - 



3.4.2.2.2.4.6 Post-Injection Abort. -The veloci ty  increment i s  as 
required t o  separate the Spacecraft Command and Service 

veloci ty  vector such as t o  allow ear ly  reentry o r  safe 
o r b i t a l  s tabi l izat ion.  

, Modules from the  launch vehicle and t o  reor ient  the  t o t a l  

3.4.2.2.3 System Operation.- 

3.4.2.2.3.1 Operating Features.-Helium tanks s h a l l  be posi t ively 
sealed by redundant valves p r io r  t o  use t o  prevent leakage. 
Primary and secondary propellant pressurization regulators 
are required. 
t o  maintain proper oxidizer/fuel r a t i o .  
accomplished through regulating e i the r  oxidizer or fue l  
flow rates. It is desirable  t o  minimize the  number of 

u t i l i z a t i o n  control should provid; f o r  primary and sec- 
ondary mode  of operation. 
tanks are used, cross ties t o  a l l o w  use of primary o r  
secondary controls with any tank of the  regulated f l u i d  
(oxidizer o r  f u e l  ) s h a l l  be provided. Isolat ion valves 
s h a l l  be provided in  these t i e  l ines .  If multiple f u e l  
and oxidizer tmks are used, each tank should be emptied 
p r io r  t o  use of next tank. 
tank t o  tank with manual override i s  required. 
l a n t  f o r  large velocity requirements such as lunar launch 
and lunar escape s h a l l  be fed from the main propellant 
tanks. Propellant f o r  small veloci ty  requirements such 
as mid-course corrections w i l l  be fed from posi t ive ex- 
pulsion tanks c o m n  w i t h  the  Service Reaction Control 
System or a u x i l i a r y  posi t ive expulsion tanks. 

Propellant u t i l i z a t i o n  control is required 
This may be 

li. valves required t o  open t o  obtain ignit ion.  Bopel lan t  
,.j 4. -* p \-J 

If multiple oxidizer and f u e l  

Automatic switch over from 
Propel- 

3.4.2.2.3.2 Safety Features. -Fi l ters  t o  protect  regulators, control 
valves, and propellant in jec tors  are required. Check 
valves t o  prevent oxidizer-fuel cross flow s h a l l  be 
provided i n  pressurization l i nes .  There s h a l l  'ile r e l i e f  
valves t o  re l ievc  high propellant tank pressures. Burst 
discs  s h a l l  protect relief valves from propellant con- 
tamination. Redundant propellant valves are  required. 
Manual override pro\ i s ions  on automatic solenoid valves 
ancl control valves shall bc required. iicliuni and pro- 
pe l lan t  tanks are to  IN? sealed prior t o  use. 
u s r ,  of trcldcci o r  iirs::cd lincs and f i ttiii,c,s Lo ~;iiiiinizc 
l.r,ak point,c. i s  clcsi rni-1.e. Mociular C O ~ I C C ~ ' ,  oC rr\place- 
w n L  of x 1 - 1  s:/:;tcnls is c!cnirado. 

M a x i m u m  



;r - t.> 

d 

checking gimballing system prior to operation shall 
be required. Provisions for checks of all sensors and' 
instrumentation required. Means for cleaning or replace- 
ment of system filters prior to flight shall be provided. 
System shall be static-fired as an entire system prior 
to flight, preferably in the lunar launch configuration 
including Command Module and other Service Module systems. 

Crew Participation (Displays and Control),. - :j .4.2.2.4 

3.4.2.2.4.1 MonitoringFunction. - During flight and non-operating 
periods the crew shall monitor tank pressures, leakage 
rates, and temperatures. Instrumentation of these - 

items is therefore required. During engine operation, 
crew shall be able to monitor such system operating 
parameters as propellant and helium pressures, chamber 
pressure, and temperatures. Prior to and during engine 
operation, the crew s h a l l  be able to mmitor engine 
gimbal operation. 
engine valving position. 
oxidizer and fuel shall be presented to crew during 
operation. Some means of indicating reserve propellant 
remaining and propellant utilization system operation 
are desired. 

Crew shall be able to mnitor all 
Remaining quantities of 

3. '+. 2.2.4.2 Normal Operation. - Preparation of system for engine 
imition shall be a crew function. 
be an automatic function performed by the guidance 
system. Crew shall be able to monitor the automatic 
function. Crew shall be able to monitor automatic 
switchover function from one oxidizer or fuel tank to 
another provided multiple tanks are used. 

Actual firing shall 

3.4.2.2.4.3 Emergency Operation. - There shall be a means provided 
to automatically and/or manually initiate system opera- 
tion for abort capability in event of booster failure. 
Automatic engine shutdown of redundant engines in event 
of low chamber pressure, high external temperatures 
indicating external f k e  or other engine failures shall 
he provided. 
in event of helium primary regulator failure in the open 
mode is required to prevent helium loss. If multiple 
oxidizer and fuel tanks are used, manual override of 
automatic tank switching device shall be provided. Crew 
shall be able to manually shutdown the eneine or engines 
and shall be able to inanually override any automatic 
function. Provisions for  in -flight, extra-vehicular 
access by crcw fo r  inspectjon, and maintenance shall be 

Automatic switchover to redundant regulator 

p r o v i d c a .  - 
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3.4.2.2.5 Guidance System Requirernents. - 
3.4.2.2.5.1 Thrust-Vector Control. - This system shall be designed to 

control the thrust-vector during midcourse velocity 
corrections with frequent restart capability. The gim- 

-~7' bal actuators shall be redundant for this engine. These 
actuators shall have the necessary response characteristics 
to maintain proper trajectories. 

I' 

3.4.2.2.5.2 Velocity Cut-off Control. - "his system shall be designed 
to control the velocity-cut-off during midcourse velocity 
corrections. The valve closing times should be held with- 
in limits to prevent damage from hydraulic hammer effect. 
Engine surge characteristics shall be investigated for 
different valve designs. Engine cut-off impulse accuracy 
shall be known within 2$ of that required for  the mini- 
mum operating cycle. "he magnitude of impulse error shall 
not exceed 150 lb-sec. 

3.4.2.2.6 Propellants. - The Service Propulsion System shall use 
an earth storable hypergolic bipropellant combination. 

3.4.2.2.6.1 Oxidizer. - The oxidizer shall be nitrogen tetroxide 
-(N204)with nitrous oxide (N;P) added to depress the 
freezing point if necessary. 

3.4.2.2.6.2 bel. - The fuel shall be either monomethylhydrazine 
(MMH) or a mixture of 50% hyGrazine (M2H4) and 50% 
unsymmetrical dimethylhydrazine (UDMH) . 

\ 3.4.2.2.7 Component Selection. - The example schematic shows a 
single thrust chamber. The schematic indicates the 
essential components and their functional interelation- 1, 

ship. 2 

Tanks. - Toroidal tanks shall not be used with multiple 
thrust chambers. 

3.4.2.2.7.1 - 
3.4.2.2.7.2 Pressurization. - Ambiently stored helium gas shall be 

used for pressurization. Tanks shall be held to mini- 
mum consonant with packaging requiremcnts. 

3.11.2.2.7.3 Control S y s t e m s .  - 
3. b.2.2.-(.3.1 Thrust Vcctor Control.  - Thrust vector control s h a l l  be 

attainctl 11y rcdundant gi mnlla1 I i \I{;. 1Slc.ctromccha.nical and 
c lcc  trobylrauli c syst~ctii:; sliould compared. 
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3.11.2.2.7.3.2 Liquid Level Sensing System. - A l iquid l eve l  sensing 
system i s  required t o  indicate propellant l eve l  i n  
the  tanks during periods of acceleration so t ha t  the  
crew can check propellants available. 

3.4.2.2.7.3.3 Propellant Uti l izat ion System. - A propellant u t i l i z a t i o n  
system s h a l l  be supplied t o  ensure e f f i c i en t  u t i l i za t ion  
of propellant. 

3.4.2.2.7.4 Performance. - The minimum delivered vacuum specif ic  
impulse s h a l l  be 315 lb-sec. 

l b  . 
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3.4.2.3.1.2.2 Propellants. - The Reaction Control System shall use 
an earth storable hypergolic bipropellant combination. 

3.4.2.3.1.2.2.1 Oxidizer. - The oxidizer shall be nitrogen tetroxide 
(N204)ith nit sus oxide (N@) added to depress the 
freezing point if necessary. 

3.4.2.3.1.2.2.2 Fuel. - The fuel shall be either monomethylhydrazine (MMH) 
or a mixture of 50% hydrazine (N2K4) and 504 
unsymmetrical dimethylhydrazine (UDMH) . 
- 

3.4.2.3.1.2.3 Distribution. - Each system shall consist of six 
thrust chamber subystems installed to provide six 
degrees of control as shown in figure 70. Either system 
shall be capable of remote isolation by the crew by means 
of reversible valves. 

3.4.2.3 Reaction Control System. - The Command and Service 
Modules s h a l l  include Reaction Control Systems to 
provide the impulse for attitude control and 
stabilization. T'hc Service Module System shall also 
be capable of minor translational velocity increments. 

3.4.2.3.1 Command Module Reaction Control System. - "his system 
Xll b e used only after separation of the Command 
Module from the Service Module. 

3.4.2.3.1.1 Requirements. - The system shall provide three-axis 
control prior to the development of aerodynamic moments, 
roll control during reentry and landing, and pitch and 
yaw rate damping during reentry and deployment of the 
landing system. 
10°/sec/sec shall be provided during reentry. 
pitch and yaw acceleration shall be compatible with 
their requirements. 

A roll acceleration of at least 
The 

3.4.2.3.1.2 Description. - 
3.4.2.3.1.2.1 General. - The suggested Reaction Control System is 

-modulated, pressure fed, and utilizes earth 
' storable hypergolic fuel. 
positive-expulsion type. 
independent systems as shown in figure 70 and located 
as shown in figure 71. Each is capable of meeting the 
total torque and propellant storage requirements. 
Each system consists of helium pressurization, 
propellant storage, distribution and thrust chamber 
subsystems. 

h e 1  tanks shall be 
The Command Module has two 



:.~1.2.~.1.2.4 Thrust Chambers. - Since the chambers rind nozzles must be 
buri,ed within the modiile, they should be ablatively 
cooled. Alternate nlekhods may be considered which would 
also maintain compatible external temperatures on the 
rmits. 
vided if necessary. 

Keat protection of control valves shall be pro- 

3.4.2.3.1.3 Operation. - 
3.4.2.3.1.3.1 Servicing and Checkout.- Each system shall be designed 

to allow preflight servicing, checkout, and deactivation. 

3.4.2.3.1.3.2 Flight.- The systems shall be designed to operate 
simultaneously from the crew manval controls by means 
of electrical outputs. Malfunctl n detection means 
should be investigated which would allow for shutdown 
of one system if a thruster in that system fails. 

Service Module Reaction Control System.- This system 
will provide the impulse for attitude control and 
stabilization for the Space Vehicle in all phases of 
flight except during periods that other propulsion 
systems are active. In addition, the system shall 
provide attitude control and stabilization for the 
Launch Vehicle Spacecraft combination in earth parking 
orbit. 
capability for minor midcourse corrections, terminal 
rendezvoiis and docking as well as ullage accelerations 
for Service Propulsion System, if necessary; The system 
shall contain the flexibility required to allow its use 
in all missions. 

3.4.2.3.2 

The system shall also provide minor translational 

3.4.2.3.2.1 Requirements.- The final requirements for the system 
will be coordinated with the Contractor as they become 

3.4.2.3.2.2 

available. A preliminary estimate indicates that 
400 pounds of propellant including 30 percent reserve 
will be adequate for all missions, provided a minimum 
pulse not to exceed 20 milliseconds with a 90 percent 
pulse efficiency is attained. 

Description.- 

3.4.2.3.2.2.1 General.- The Reaction Control System is pulse modulated, 
pressure fed, and utilizes earth-storable hypergolic 
fuel. Fuel tanks shall be positive-expulsion type. Tne 
suggested Service Moduie Reaction Control system has 
two independent systems as r;hown in figure 72 atid located 



3.4.2.3.2.2.2 

3.4.2.3.2.2.3 

5.4.2.3.2.2.4 

3.4.2.3.2.3 

3.4.2.3.2.3.1 

3.4.2.3.2.3.2 

ns shown in  i'igurc: '(3. Etwh i:. c q x h l c  ol' mc*c:Li  n e  the 
tot:h Lorquc and  prope 11 :tnL s L o i * a ~ r ~  rcqiii t'cii~cnl,:; . Thr: 
systcrri shal l  consisL of f l  r . c ) l l ,  11 pi.tch atid 4 yaw, Lhrust 
charnlwr sirbsystctnr: . T t ::ha I 1  bc dc*c igncd 1,o a 1 low 
t r a n s l a t i o n  i n  directions. The system has two :,cts 
of p rope l l an t  tanks and pre:i:;uri zatiori sltbsystcrn:; . Thc 
t h r u s t  shall be ins ta lSed  so t h a t  normal t r a n s l a t i o n a l  
t h r u s t  vec tors  are i n  t h c  v i c i n i t y  of t he  veh ic l e  c e n t e r  
of g r a v i t y  f o r  t he  e a r t h - o r b i t i n g  mission.  Thr? r o l l  
t h r u s t e r s  w i l l  be uscd f o r  p i t c h  and yaw maneuvering 
whenever the  Lunar Excursion Module i s  a t t ached .  Each 
set of tanks sllpplie:; s i x  s m a l l  t h r u s t  chambers capable 
of con t ro l  i n  a l l  6 d i r e c t i o n s  dur ing  naviga t iona l  
si ght ings .  

P rope l l an t . -  The p rope l l an t s  shall be t h e  same as those  
used for  the  Service Propuls ion System. 

Di s t r ibu t ion .  - Each s e t  of tanks normally slipply one 
t h r u s t e r  of each couple and the  feed  s y s t e m  from t h e  t w o  
sets of t anks  are nornlally i s o l a t e d .  Figure 72 shows a 
system u t i l i z i n g  pos i t i vc  expuls ion tanks.  
of s torage  must s a t i s f y  Reaction Control  and minor mission 
v e l o c i t y  requircrwnts .  Each set of t h r u s t e r  chambers is  
capable of being i s o l a t e d  by t h e  crew. 

Thrus t  Chambers. - An in tens ive  program should be 
undertaken t o  develop and  eva lua te  both the  r ad ia t ion -  
cooled and ablat,ioti-ccoled t h r u s t  chm.bers f o r  t h i s  
app l i ca t ion .  P a r t i c u l a r  a tken t ion  should be given t o  
t h e  e f f k c l x  of in tc rn i i t t cn t  f i r i n g  of the  chambers i n  a 
hard vaciium. 

The method 

Owra t ions .  - 

Serv ic  Lng and Checkout. - Ihch  system shall bc dcsigiicd 
to al low p r e f l i g h t  s e rv i c ing ,  checkout, and de-acbiva- 
t i n n .  



3.4.2.4.1 

3.4.2.4.1.1 

3.4.2.4.1.2 

Lriunch E:scnpc System.- The Command Module shall be 
fitted with a Launch Escape System as shown in figure 
37 

Requirements - The Launch Escape Propulsion System 
separates the Colrnmand Module from the Launch Vehicle 
in the event of failure or imminent failure of the 
Launch Vehicle during all  atmospheric phases. The 
performance of the Launch Escape Propulsion System is 
dictated by the requirements of crew response and/or of 
the A b o r t  Sensing Implementation System of the Launch 
Vehicle and the structural capability of the Carmasnd 
Module to resist overpressures due to Launch Vehicle 
explosion. Two critical flight modes are recognized. 

Pad Escape.- For escape prior to or shortly after lift- 
off, the hunch Escape Propulsion System separates the 
Conunand Module from the Launch Vehicle and propels the 
Comnand Module to an altitude of at least 5000 feet 
and a lateral range at touchdown of at least 3000 feet 
without exceeding the crew tolerances. Stabilization 
and lateral control, if required, shall be provided. 

Maximum Dynamic Pressure Escape.- For escape at msxlmum 
dynamic pressure, the Launch Escape Propulsion System 
separates the Corrpnand Module from the Launch Vehicle 
during thrusting of the Launch Vehicle and propels the 
Command Module a safe distance from the Launch Vehicle. 
The Launch Escape Propulsion System and the Command 
Module combination are aerodynamically stable or 
neutrally stable and have sufficient lateral control 
to obtain the maximum possible Launch Vehicle "miss" 
distance consonant with the crew tolerances. 

Propulsion.- The basic propulsion system is a solid- 
fuel rocket motor with "step" or regressive burning 
characteristics. Its nozzles are canted to avoid direct 
impingement of the exhaust jets on the Command Module. 

Stabilization and Control.- Stabilization and lateral 
control shall be provided. 
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3.4.2.4.4 Escape System Jettison.- The Launch Escape Propulsion 
System is jettisoned at approximately maximum altitude 
'after "pad escape," or an apprapriate time after high 
dynamic pressure escape, and is separated from the 
Coxmind Module by a solid-fuel rocket motor. 
normal flights, separation is effected *by the main 
propulsion motor during early operation of the second 
etage of the Launch Vehicle. 

Ipitiation and Control Mode Selection.- Initiation of 
escape and subsequent selection of control modes is 
the responsibility of the crew. 
responsibility assigned to ground control or automatic 
systems unless there is insufficient time and/or 
information for crew action. 

For 

I 

3.4.2.4.5 

There shall be no 



3.4.2.5 Earth Landing System. - The Command Module includes an 
Earth Landing System t o  be used under all f l i g h t  con- 
d i t ions  f o r  ear th  landing requirements. 

3.. 4.2.5.1 Requirements. - The system satisfies t h e  following 
requirements after normal reentry, maximum dynamic 
pressure escape, and pad escape. 

Postentry Stabi l izat ion.  - Stabilizes the  Cammand 
Module during postentry descent. 

3.4.2.5.1.1 

3.4.2.5.1.2 Velocity Control. - Reduces t h e  vertical touchdown 
veloci ty  t o  not more than 30 feet per second a t  an 
a l t i t u d e  of 5000 feet. 

3.4.2.5.1.3 Iinpact Attenuation. - Reduces impact acceleration 
such t h a t  nei ther  the Coarmand Module primary s t ructure  
o r  f l o t a t i o n  is impaired. 
required by the  crew shall be prodded by individual, 
crewman shock-attenuation devices. 

Any fur ther  attenuation 

3.4.2.5.1.3.1 Impact Attitude. - For nominal land lan$lngs, the  
capsule should impact at an angle of -15 with the  
c.g. forward. See figure 66. This locates the crew 
i n  a feet first position. 
of 150 with the  c.g. aft and t h e  crew located i n  head- 
first posi t ion i s  desirable. 
l i m i t  "g" forces  must not be exceeded f o r  any landing 
regardless of capsule mientat ion.  

For water landings an impact 

The maximum emergency 

3.4.2.5.1.4 Postlanding. - The system provides any necessary f lo -  
ta t ion ,  survival, and location aids. 

- lkscription. - The landing system consis ts  of 2 FIST- 
type drogue chutes deployed by mortar and a c lus te r  of 
three simultaneously deployed landing parachutes. 
Landing parachutes are sized such t h a t  sa t i s fac tory  
operation of any two of the three w i l l  s a t i s f y  the  
v e r t i c a l  veloci ty  requirement. 
hung'in a canted position from t h e  parachute risers 
and oriented through a r o l l  control  t o  favor impact 
attenuation. 

3.4.2.5.2 

The Connnand Module i s  

3.4.2.5.3 I n i t i a t i o n  and Control. - I n i t i a t i o n  of all functions 
can be manually controlled. 
a t ion  pr ior  t o  impact can be also manually controlled. 

Command Module r o l l  or ient-  
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St ruc tura l  System.- I n  addition t o  the fundamental load 
carrying structures,  the Command and Service Modules 
S t ruc tura l  System s h a l l  include meteoroid protection, 
radiation protection inherent i n  the  s t ructure ,  and 
Passive Heat Protection Systems. 
s h a l l  be designed and evaluated i n  accordance w i t h  standard 
a i r c r a f t  practice with the exception t h a t  no s t ructure  
s h a l l  require pressure s tab i l iza t ion .  

’ 

Primary s t ructures  

3.4.2.6.1 Command Module.- 

3.4.2.6.1.1 Reentry Thermal Protection.- The Command Module’s 
external thermal protection s h a l l  u t i l i z e  the  planned 
degradation of sui tably reinforced p l a s t i c s .  The 
forebody sha l l  u t i l i z e  a charring ablator capable of 
sustaining high surface temperatures and providing 
ef fec t ive  blockage of external heat fluxes. 
reinforcement of the shielC s h a l l  be provided t o  
ensure shield in tegr i ty  and sa t i s fac tory  performance 
through all  phases of f l i g h t .  

Afterbody heat protection s h a l l  a l so  u t i l i z e  planned 
material degradation but consideration should be given 
t o  providing protection which i s  b e t t e r  su i ted  t o  the 
more moderate heat f lux  environment and thinner gauges 
of the afterbody. 

Adequate 

Passive control of heat fluxes t o  the in t e r io r  of the 
Command Module shall be u t i l i zed .  Circulatory heat 
exchange system used only for i n t e rna l  cabin comfort 
control,  

Egress hatches, windows, umbilicals, e t c . ,  s h a l l  be 
located on low heat flux regions of the Command Module 
when possible and sha l l  be covered by ‘doors f a i r i n g  
smoothly t o  the capsule contour. 

The reinforced p l a s t i c  s h a l l  be mounted on a re la t ive ly  
r ig id  brazed or welded sandwich construction support 
capable of withstanding temperatures considerably i n  
excess of conventional bonding temperatures. The 
adhesive bond between the ablator  and the sandwich support 
must be capable of withstanding the low temperatures 
during the space f l i g h t  and s h a l l  not be subjected t o  
temperatures during reentry beyond demonstrated state- 
of- the-ar t  capabi l i t ies .  



3.4.2.6.1.2 Pressure Vessel.- The pressure cabin will be separate 
from the thermal protection system and will consist of an 
aluminum shell with longerons to react the concentrated 
loads from the escape tower and parachute attachments, 
and act as edge mcmbers for windows and hatches. Con- 
sideration will be given to the venting of'the space 
between the pressure cabin and thermal protection. 
ports will form an integral part of the exit hatch. 

Viewing 

3.4.2.6.2 Service Module.- The Service Module shall. consist of a 
sandwich shel l  compatible w i t h  the noise and buffet 
requirements and the meteorite penetration requirements. 
In addition, it should maintain structural continuity 
with adJoining modules and be compatible with the over- 
all bending stiffness requirements of the Launch Vehicle. 
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3.4.2.7 C r e w  Systems. - 
5.4.2.7.1 Flight Crew. - 
3.4.2.7.1.1 Size and Number.- The f l i g h t  crew s h a l l  consist of three 

men. The s ize  of each crew member s h a l l  be between the 
10th and 9 t h  percentile as defined i n  reference. 

Division of Duties.- Tasks s h a l l  be so apportioned as 
t o  make maximum u t i l i za t ion  of all three crew members. 
During launch, entry, and similar c r i t i c a l  mission 
phases, division of key tasks  amongst the three crew 
members s h a l l  be as nearly equal as possible. 
of specif ic  responsibi l i t ies  s h a l l  be as follows: 

3.4.2.7.1.2 

Division 

3.4.2.7-1.2.1 Commander (P i lo t ) . -  He s h a l l  control the vehicle i n  
manual o r  automatic mode, during all phases of the 
mission. He sha l l  se lec t ,  implement and monitor the 
modes of navigation and guidance. 
control key areas of a l l  systems during time c r i t i c a l  
periods. He s h a l l  occupy e i t h e r  the left  o r  center 
couch during launch and reentry. 

He s h a l l  monitor and 

3.4.2.7.1.2.2 Co-Pilot.- The co-pilot shall be second i n  command of 
the vehicle. He shall support the commander as a l te rna te  
p i l o t  and navigator. During c r i t i c a l  mission phases, 
he s h a l l  monitor certain c r i t i c a l  parameters of the 
spacecraft and propulsion systems. He s h a l l  occupy 
e i the r  the l e f t  or center couch during launch and reentry.  

Systems Engineer. - During c r i t i c a l  mission phases he 
s h a l l  monitor certain c r i t i c a l  parameters of the 
spacecraft and propulsion systems. 
are placed on board primarily t o  be evaluated fo r  l a t e r  
Apollo vehicles, he s h a l l  be responsible fo r  t h e i r  
operation, monitoring and evaluation. 
the r igh t  hand couch during launch and reentry. 

General Duties.- All crew members s h a l l  be cross- 
trained so a s  t o  be able t o  assume the t a s k s  usually 
performed by fellow crew members. Each sha l l  stand 
watches during non-cr i t ical  mission lhases and perform 
a l l  command and systems monitoring functions during 
such watches. While the commander s h a l l  be the 
pr incipal  navigator, the taking of navigational f ixes  
and performance of associated calculations may be divided 
equally amongst a l l  crew members. 

3.4.2.7.1.2.3 
. 

When cer ta in  systems 

He s h a l l  occupy 

3.4.2.7.1.2.4 
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3.4.2.7.2 

3.4.2.7.2.1 

3.4.2.7.2.1.1 

3-4.2.7.2.1.2 

3 -4.2.7.2.1.3 

3.4.2.7.2.1.4 

3.4.2.7.2.2 

3.4.2.7.2.2.1 

3-4.2.7.2.2.2 

C r e w  1ntegration.-  

- Displays and Controls. - 
Arrangement.- Arrangement of displays and controls shall 
r e f l ec t  the division of crew tasks.  
displays and controls sha l l  be duplicated at  the adJacent 
command and co-pilot  s ta t ions.  
displays and controls sha l l  be readi ly  v i s ib l e  and 
accessible t o  both commander and co-pilot .  All controls 
s h a l l  be of the  self-locking type,  o r  guarded t o  prevent 
inadvertent actuation. 
l e g i b i l i t y  of necessary displays during periods of 
vibration. 

Cr i t i ca l  p i lo t ing  

Non-duplicated p i lo t ing  

Instrument mountings shall ensure 

Manual Controls.- Manual control inputs t o  the Space- 
c ra f t  a t t i t u d e  control system sha l l  be provided at the 
l e f t  hand and center seats.  

External V i e w  Devices.- Windows and other  external view- 
ing devices s h a l l  be provided t o  permit m a x i m u m  feasible  
use of d i r e c t  vision during rendezvous, ear th  landing, 
s c i e n t i f i c  observations and monitoring of crewmen 
operating outside the Spacecraft. 

Operation by Single Crew Member.- Controls and displays 
sha l l  be so arranged as t o  permit one crew m e m b e r  t o  
re turn the vehicle safely to  ear th .  However, t h i s  
requirement sha l l  not cause systems designs which 
r e s u l t  i n  degraded r e l i a b i l i t y  f o r  three man operation. 

CrewsDace ArranEement.- 

Primary Duty Stat ions.-  The primary displays, controls, 
and support systems sha l l  be so arranged t h a t ' t h e  crew 
m e m b e r s  are generally side-by-side during launch, entry,  
and similar c r i t i c a l  mission phases. During other m i s -  
s ion phases a t  least one couch s h a l l  be completely 
removed o r  stowed i n  order t o  provide additional work 
space and access t o  other  work areas within the Command 
Module. 

Secondary Duty Stations.-  Areas for taking navigation 
f ixes ,  performing maintenance, food preparation, and 
cer ta in  s c i e n t i f i c  observations may be separate from 
the primary duty s ta t ions .  
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3.4.2.7.2.2.3 Watxh Station. - One of the primary duty stations shall 
be the station at which one crew member stands watch 
during non-critical mi ss-lon phases. Some immediate 
control over all critical systems must be accessible at 
that station. 

3.4.2.7.2.2.4 Sleeping.- There shall be a specific area assigned for 
sleeping. It shall accomodate a single crewman. It 
shall be placed in such a manner as to permit control 
of noise, light, and other distractions. 

3.4.2.7.2.2.5 Toilet.- There shall be a specific area assigned to a 
toilet for collection of human waste. It shall accomo- 
date a single crewman. It shall be so placed as to 
permit temporary partitioning for privacy. 

Radiation Shielding. - The mass of the Spacecraft modules 
shall provide the majority of the bulk shielding. 
Arrangement of this mass shall be optimized to provide 
maximum shielding protection, both by its arrangement 
and by the position of the crew members without unduly 
compromising the system. 

3.4.2.7.2.2.6 

3.4.2.7.3 Crew Equipment.- 

3.4.2.7.3.1 Acceleration Protect ion. - 

3.4.2.7.3.1.1 Design Approach.- Design of the crew support and 
restraint systems shall be integrated with the design 
of the Earth-Landing and Launch Escape Propulsion Systems. 

3.4.2.7.3.1.2 Couch.- Each crewman shall be provided with a support 
couch for protection against acceleration loads. The 
couch shall provide full  body and head support during 
all nominal and emergency acceleration conditions. 
During launch and entry, the couch shall support the 
crew members at body angles specified in figure 74. 
The couch shall be adjustable to permit changes in body 
and leg angles to improve comfort during non-accelera- 
tion mission phases. Couches shall be so constructed 
as to permit crewmen to interchange positions. To 
meet the interchange requirements, sizing may be accom- 
plished by use of simple couch adjustment devices. 
Couch construction and materials shall not amplify 
any accelerating forces by a factor of more than 1.2. 
The couch shall accomodate a crewman wearing a back 
type or seat type personal parachute. "he parachute 
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3.4.2.7.3.1.5 

shall remain in the couch when the crewman leaves his 
restraint system. The couch shall accomdate crewmen 
in both pressurized and unpressurized pressure suits 
when used. 
egress during all nominal and emergency mission conditions. 
All couches shall be easily removable for the purpose 
of preflight and inflight maintenance. 

Restraint System.- A Restraint System shall be provided 
with each couch. 
of crewman with simple attachment and adjustment for 
comfort and sizing. 
System shall also serve as a personal parachute harnees. 
The Restraint System shall provide adequate restraint for 
a l l  nominal and emergency flight phases; landing lo& 
and high dynamic pressure aborts are partlcularly signi- 
ficant in design of the Restraint System. 

The couch shall permit ease in ingress and 

The system shall allow the interchange 

!$'he torso portion of the Restraint 

Impact Attentuation.- Impact attenuation beyond that 
required to maintain general Spacecraf't integrity shall 
be obtained through use of discrete shock mitigation de- 
vices for individual crew support and restraint systems. 
Attenuation devices shall provide for lateral as w e l l  as 
transverse acceleration loads. 

Vibration Attenuation.- Vibration attenuation beyond 
that required to maintain general Spacecraft integrity 
shell be provided with each support and restraint 
system. Such vibration attenuation systems must keep 
vibration loads transmitted to the crew within tolerance 
limits and also permit the crew to exercise necessary 
control and monitoring functions. 

Rsstraint for Weightlessness. - A n  appropriate method of 
restraint shall be provided for a sleeping crew member. 

Decompression Protection.- Pressure suits shall be pro- 
vided for extra vehicular operations and in the event of 
cabin decompression. 
utilized for extra vehicular operations and cabin decom- 
pression emergencies. 
safety requirements shall be satisfied without the use 
of pressure suits for cabin decompression. 
effect on calculated reliability or crew safety shall 
be included in the analysis; nor shall there be any 
unrealistic compromise of Spacecraft systems imposed 
wholly by the use of pressure suits. 

The same pressure suits shall be 

Mission reliability and crew 

No beneficial 
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3.4.2.7.3.3 Sanitation. - 
3.4.2.7.3.3.1 Human Waste.- The Spacecraft sha l l  have a t o i l e t  

f o r  col lect ion of urine and feca l  waste. The t o i l e t  
s h a l l  accomodate a s i n g l e  crewman. The t o i l e t  s h a l l  
be placed i n  such a manner t o  permit use of temporary 
curtains o r  par t i t ions  f o r  privacy. The col lect ion 
system sha l l  include means f o r  dis infect ing human 
waste suf f ic ien t ly  t o  render it harmless and unobjectional 
t o  the crew. All human waste s h a l l  be s tored aboard the 
Space c ra f t .  

3.4.2.7.3.3.2 Personal Hygiene. - The Spacecraft s h a l l  be equipped 
with f a c i l i t i e s  fo r  shaving, dental  cleansing, bodily 
cleansing, and deodorizing. F a c i l i t i e s  shall be 
included f o r  cleansing of garments o r  f o r  an  appro- 
priate number of garment changes. 

3.4.2.7.3.3.3 Non-Human Waste. - The Spacecraft s h a l l  have provisions 
f o r  handling of al l  other waste such as those from 
eat ing and personal hygiene. 

3.4.2.7.3.3.4 Control of Infectious Germs. - The Spacecraft systems 
operation s h a l l  provide means f o r  controll ing infectious 
orgamisms which would have a n  unfavorable e f f ec t  upon 
the crew members. 

3.4.2.7.3.4 Food and Water. - 
3.4.2.7.3.4.1 - Food.- A l l  food sha l l  be u f  the dehydrated, freeze- 

dried or similar type tha t  i s  reconsti tuted with water 
o r  does not require reconsti tution. The food s h a l l  have 
a var ie ty  of f lavor  and texture  s i m i l a r  t o  t h a t  provided 
i n  normal ear th  diets. There i s  no requirement fo r  re- 
f r igera ted  storage; however, the foods s h a l l  require 
heating and ch i l l i ng  i n  preparation and service.  
food i t e m s  s h a l l  consti tute a low bulk d i e t .  

The 

3.4.2.7.3.4.2 Water.- The primary source of potable water i s  from the 
fue l  c e l l .  I n  addition, suf f ic ien t  water must be on 
board a t  launch t o  provide fo r  the 72 hour landing re- 
quirement i n  event of ear ly  abort .  
recycled f o r  potable water. 

Urine need not be 
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3.4.2.7.3.5 Ehnergency Equipment. - 
3.4.2.7.3 5.1 Survival Equipment.- Post-landing survival. equipment 

sha l l  include one three-man l i f e  raft, food, location 
a ids ,  first a id  equipment and various accessories 
necessary t o  support t h e  crew outside the Spacecraft 
f o r  three days i n  any possible emergency landing area. 
Provisions s h a l l  be intluded f o r  removing a three day 
water supply from the Spacecraft after landing; i n  
addition, provisions s h a l l  be included f o r  purifying 
a three day supply of sea water i n  event of water landing. 

Personal Parachutes.- Each crewman shall be equipped 
with a personal parachute for  use i n  event t ha t  the 
Spacecraft landing system malfunctions, cannot function, 
o r  cannot cope with loca l  hazards. 
chute s h a l l  be stowed i n  the back o r  seat of each couch; 
the r e s t r a i n t  harness sha l l  serve as the parachute 
harness. 

The personal para- 

F i r s t  Aid Equipment.- The Spacecraft shall be equipped 
with f irst  a i d  and preventive medicine items f o r  coping 
with various human in jur ies  and disorders.  
Spacecraft f irst  a id  equipmcnt may be integrated with 
survival equipment f i r s t  a i d  items. 

If feasible ,  

Radiation Dosimeters.- Each crew member s h a l l  be provided 
with an accurate, simply rend, personal dosimeter 
system. 
immediately adjacent t o  t he  crew menhers a t  a l l  t i m e s .  
Each system s h a l l  measure cumulative dose, shall contain 
a warning device., and- shall have an output plug fo r  
telementry s ignals .  

The dosimeter system shall be worn or  placed 

Medical Instrumentation. - 

Physiological Measurements.- U l t i m a t e  monitoring and 
telemetry requirements w i l l  be specified by NASA on the 
bas i s  of ea r ly  s tudies  and operations. A t  t h i s  t i m e  it 
appears t h a t  the crew w i l l  perform all physiological 
monitoring of each other,  except as noted below. 
Measurements s h a l l  be taken  with simple, c l i n i c a l  
devices; s ignif icant  findings s h a l l  be reported by voice. 
One physiological parameter may be sensed automatically 
and telemetered periodically.  
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3.4.2.7.3.7.3 

3.4.2.7.3.8 

3.4.2.7.3.8.1 

Early Orbital Miscions. - During carly Apollo orbital 
flights, a variety of 1)iological iris Lrumcntation w i l l  
be required to enhance crew safety arid assess the 
crew's tolerance to long  term veightlessncss. During 
stressful periods of' suc:h early flights, Lhc following 
data may be telemetered: 

Electrocardiogram 2 channels 
Blood pressure Intermittently: 

Respiration rate and volume 
Body temperature Conlmu tated 

shares ECC channels 
1 channel 

During non-stress mission phases the above may be 
recorded intermittently on a programmed basis. 
Electroencephalography may also bc required during 
non-stress phases. In addition to the above, various 
special physiological experiments will be performed in 
the Spacecraft as part of t h e  NACA-furnished scientific 
payload. 

Extra-Vehicular Operations. - During lunar exploration 
or manned extra-vehicular pressure suit operations, the 
following data shall be Lransmittcd from the extra- 
vehicular suit and monitored within the Command Module 
or Lunar Excursion NodulG wlce, one physiological 
function (respiration, h e a r t t m i t ,  or electroencephalo- 
gram), and one to four envirormrental parameters 
(pressure, temperature, carbon dioxide, oxygen). 
Spacecraft displays rh:i.ll  ppr in i t  s ~ ~ ~ i ~ c h i ~ g  betwccn m d  
identification of simultaneously operating extra- 
vehicular suits. 

The 

Other Crew Equipment. - 
Garments. - In addition to pressure suits, the crew 
shall be provided w i t h  garments for w e a r  during normal 
mission phases. These garments shall be comfortable, . 
close fitting, and free of areas that would snag on 
Spacecraft equipment. The garment must be wearable 
under the pressure su i t .  
with a light-weight cap to protect his head and eyes 
from injury as a result of' collision with Spacecraft 
equipment. l'his cap may be separate from the pressure 
suit helmet. 

Each crewman s h a l l  be provided 
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3.4.2.7.3.8.2 Exercise.- Equipment s h a l l  be provided t o  permit the 
crew t o  exercise and m a i n t a i n  physical condition w h i l e  
i n  a, weightless state. 

Recreation.- The crew s h a l l  be provided with i t e m s  f o r  
amusement and entertainment during off-duty periods. 
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I .  3.4.2.8 

I 
3.4.2.8.1 

3 .4.2a8.1.1 

3.4.2.8.1.2 

3.4.2.8.1.3 

3.4.2.8.2 

3.4.2.8.2.1 

Environmental Control System.- The CQnanand and Service 
Modules sha l l  include the  Environmental Control System 
which provides a conditioned, "shirtsleeve" Btmosphere 
for  the  crew; provisions for pressure su i t s  i n  event of 
cabin deccmpresaion; t h e m 1  control of a l l  CormnanC and 
Service Module equiptent where needed; and provisiv-.s 
for chsrging self-contained extra-vehicular pressure 
suit support systems ("back pxks")  . 
Requirements.- The system shall satisfy the following: 

Metabolic.- The following conditions shall be provideb- 
by the Environmental Control System. 

T o t a l  cabin pressure (02 and N2 m i x t u r e )  7t0.2 p i a  

Relative humidity 40 - 70$ 

Partial Pressure C O ~  - maxirmrm 7.6 mm Hg 

Temperature 75% 5' F 

Pressure Suit Operation.- The system shall provide 
for the use of individual pressure su i t s .  In  event of 
cabin deccanpession, the system shall provide a con- 
ditioned axygen atmosphere a t  3.5 p i a  t o  the su i t s .  
The'ey&em must be capb le  of maintaining a cabin 
axygen pa r t i a l  pressure of at  least 3.5 p i a  for 
5 minutes following a singbe one-half-inch diameter 
puncture i n  the pressure ccplrgartment i n  addition t o  
the nonmal s t ructural  design criteria. 

Equipnent Coo1inq.- The system shall provide thermal 
control for equipnent. 
depend upon the  cabin atmosphere for cooling or 
depreseurizat ion. 

No c r i t i c a l  equipnent shall 

System Description.- Environmental control is accomplish- 
ed with two a i r  loops, a gas supply sptem and a thermal 
control symtem. (See Fig.75.) 

A i r  Loope. - 
3.4.2.8.2.1.1. - Reeenerative Circuit Loop. - This loop supplies the  

conditioned atmosphere t o  the cabin and/or pressure sui te .  

3.4.2.8.2.1.1.1 Particulate Rem-1.- A debris t r a p  shall be provided. 
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3.4.2.8.2.1.1.2 Noxious Gases.- Noxious gases shall be removed by 
activated charcoal and a catalytic burner with the  
latter provided with a regenerative heat exchanger. 
gas analyzer shall be provided. 

lithium hydroxide. 
paral le l  isolated l i t h i u m  hydraxide canisters.  
size of canistera and method of cartridge replacement 
shall be optimized. 

A 

3.4.2.8.2.1.1.3 Carbon Dioxide.- Carbon dioxide shall be absorbed by 
The system s h a l l  provide f o r  two 

The 

3.4.2.8.2.1.1.4 Atmospheric Circulation.- The loop shall be provided 
with three parallel isolated blowero, any one of 
which will circulate  the required flbw. -One operating 
blower shall be capable of supplying the  folluwing 
requirements t o  a l l  three pressure oui ts  simultaneously: 
Ventilation f la t  at  3.5 p i a  shall be 12 CEM thru each 
su i t ;  maxhum f l o w  resistance of each s u i t  shall he 5" 
of water at  12 CFM, 3.5 psia. Errch presaure s u i t  con- 
nection shall have a bypass which will permit indiv- 
idual manual flow control. 

3.4.2.8.2.1.1.5 Temperature Control. - A l iquid coolant heat exchanger 
system shall be provided t o  cool t he  circulating air  
below the  required dew point f o r  condensate removal and 
humidity control. A regenerative heat exchanger ohall 
be provided f o r  the crew t o  control t h e i r  inlet a i r  
temperature. 
f o r  cooling of circulating a i r  i n  event of 103s of 
coohnt  . 

A water evaporator shtill a l s o  be provided 

3.4.2.8.2.1.1.6 - Humidity Control. - The condensed water vapor ohall be 
removed by e i ther  of two paral le l  isolated s e p r a t o r s .  
Air-driven centrifugal water separators shall lie 
developed f o r  w e .  The clevelopnent of a sponge type 
water s e p r a t o r  shall be pursued u n t i l  t he  desired use 
of the  centrifugal s e p r a t o r  is unquestioned. 

Cabin Loop.- The loop serves t o  provide cabin 
ventilation and t h e m 1  control during a l l  phases of' 
the  mission and postlanding ventilation. 

3.4.2.8.2.1.2 

3.4.2.8.2.1.2.1 Atmospheric Circulation. - The loop shall be provideil 
with two fam, e i t h e r  of which is c a p b l e  of circulating 



the required f lcw and shall be d e o i g x d  t o  cljcrate c.6 
an e f f i c i en t  exhaust fan during t h e  pst- lar iding 
phase. Snorkel6 s k l l  be provided for post - h i d i n g  . 

3.4.2.8.2.1.2.1 Tempemture Control.- A l i qu id  ccC;lant heat exchary;er 
shall be provided t o  control  cebin a i r  temperuture. 
It shall te desicned t o  rninhiize f a n  p c r  during thc: 
post -landing phase. 

3 .h .2.8.2.2 

3 .4.2.8.2.2.1 

3.4.2.8.2.2.2 

3 .$ .2.8.2.3 

3.4.2.8.2.3.1 

3.4.2.8.2.3.2 

GRS Supply System. - The prirnaxy gas supplies s l m l l  
be s tored as super c r i t i c a l  crjogcnica i n  tho Service 
Module. Storage of these sL:pplics I s  discuooed i n  
connection with the Electr ical  Pawcr System. 

Prinary Gas Requirements.- Fhe .gw supply shall have 
a 50 percent excess calacity over that required for 
normal metabolic Sild 1eaku;;c no&, pluo two canpletx 
cabin r e p r e s s i i r i ' ~ ~ t i o ~ : s ,  ar,d ti mininun of 16 air  13nh 
operat iom. 

Provisions shall 1.e mde for rcdirtrging portab1.e l i fe  
support sys tem ("baclr pwks") . 
Reentry Oxygen. - The Ccimiund Nodulc ohal l  contaio a 
supply of gaseo.is axyGen h i  a high pressure 't?ottlu 
which clmll  be suff'icic!i+, f o r  reentry. 
redundant oystcn sha l l  ~ 1 1 . ~ 0  be provided. 

A cm;il&;i>l;; 

'fienml - C m t r c l .  - The r:c,-n.al diEisiIYutioh of t h e  I:lturnal 
themal  l a d  of t h e  Spcec.rnft; is acckp l i shed  by 
absorbing hest w l  th a c€rci: lating coolarlt and ra,ject,inr; 
t h i s  heat from a space rad ia tor  d i i r i r i  cert;ain m i m i c x i  
nodes. %her cooling systcm w i l l  supplernciit or rc l iwe 
t h e  primary system. 

Radiator.- The spce  radiator  shall be in t eg ra l  with 
t h e  skin on t h e  Service Module. For redundancy, dual 
coolant loops using radictor  p n e l s  s h a l l  be 
provided. 
meet t h e  deep s p c e  randm orientat ion condition. In 
addition, t h e  rad ia tor  6ecign shall be compttiblc with 
t h e  water management program. 

I- 

The radiator  shall be designed t o  adcquitely 

Coolant Loop. - The l iqu id  coolant re jec t ion  t ransport  
f h i d  s h a l l  c i r c i ih t e  t?irough t h e  regenerative 
c i r c u i t  loop heat exchaiqer, e l e c t r i c a l  equipsent cold 
plates,  water evaporater cas otorage heat exclmnger, 
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and the  space radiator. 
passages i n  the  equipnent cold plates s h a l l  he pro- 
vided. 
The l iquid coolant flow shall be maintained at  
fixed rate by one of three hermetically sealed, conetant 
speed pump. 
allow for a cmplete recharging of the  l iquid coolant. 
Pruvisions shall be =de f o r  a gas check before 
recharging i n  the  event of a rupture t o  allow f o r  
isolation of leakage zones and t o  reestablish system 
integrity.  

Alternate l iquid coolant 

The l iquid coolant flow shall be provided. 

The redundmt reservoir dccumulator shall 

Mission Modes. - 
3.4.2.8.2.3.3.1 Prelaunch (PAD) .- Before l i f t -o f f  the  space radiator 

shall be isolated and the total  heat load dissipated 
by cooling t h e  liquid coolant i n  the  water evaporator 
with ground support freon. 

3.4.2.8.2.3.3.2 Launch.- After l i f t - o f f  and attainment of suff ic ient  
a l t i tude,  water w i l l  be suhstituted i n  the  evaporator 
f o r  cooling. 

3.4.2.8.2.3.3.3 - Orbit.- The water evaporated i n  the l iquid coolant loop 
m y  be used t o  supplement the radiator i n  earth and 
lunar orbi t .  

3.4 2.8.2.3.3.4 Trans i t .  - The r a d i a t o r  s h a l l  be capable of dissipating 
the t o t a l  heat load i n  s p c e c r a f t  orientation during 
t r ans i t .  

3.4.2.8.2.3.3.5 Reentry. - During reentry the thermal l a d  shall be 
cooled by water evaporation i n  the  l iquid coolant heat 
exchanger. I n  event of l iquid coolant loss, the  
metabolic heat load shall be cooled by a water evapo- 
ra tor  i n  the regenerative sui t -c i rcui t  loop. 

3.4.2.8.2.3.3.6 Extra-Vehicular Pressure Suit  Operations. - The Environ- 
mental Control System shall not direct ly  support pres- 
sure su i t s  during extra-vehicular operations. 
such operations, t he  su i t s  s h a l l  be supported by 
portable l i fe  support systems ("back packs"). 

Controls.- Control of atmospheric pressures, humidity 
and temperature shall be automatic with provisions 
for  manual surveillance and control. 

During 

3.4.2.8.2.4 
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3.4.2.8.3 Water Management.- Water s h a l l  be collected from the  
separator and the  f u e l  c e l l  and stored i n  positive 
expuleion tanks. 
shall be stored semrately and used as the prixmry 
source of potable water. 

The water collected fran the f u e l  cel la  

3.4.2.8.3.1 Water Requirements.- Water shall be provided a t  lift- 
off t o  sa t i s fy  the crews postlanding metabolic needs 
and provide f o r  evaporative cooling during exi t  and 
reentry following an immediate abort. 
ment program shall be encanpassed i n  the design t o  
provide water requirements f o r  a l l  other phases of 
the  mission. 

A water manage- 

3.4 ~ 0 . 4  Safety Features. - A l l  relief valves, snorkel valves, and 
ather valves which connect t he  internal  pressure vessel 
t o  the  space eiivironment shall have manual closures and/ 
or  overrides. F i l te rs  s h a l l  be provided t o  protect a l l  
regulators, control valves, gas analyzers, etc.  Relief 
~ l v e s  shall be provided t o  prevent overpressurization 
of low pressure components. 
be provided t o  prevent excessive use of gas supplies 
and subsequent depletion of such supplies. 

Preflight Checkout. - F i t t i n g s  w i t h  proper access shall 
be pruvided t o  perfom pressure checks, component 

i 
Flow limiting devices shall 

i 
f 3.4.2.8.5 

performance tests, etc.  during preflight checkout. This 
requirement is t o  preclude the  necessity of breaking 
system integri ty  fo r  cunponent tests. 
be made for  tes t ing arid calibrating all environmental 
sensors. 

Provisions shall 
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3.4.2.9.1.2 

I 

3.4.2.9.1.3 

E lec t r i ca l  Power Svstem.- 

System Description. - 
Purpose.- The E lec t r i ca l  Power System shall supply, 
regulate, and d i s t r ibu te  a l l  e l e c t r i c a l  H e r  required 
by t h e  Camaand and Service Module f o r  t he  full duration 
aP t h e  mission, including t h e  post-landing recwery  
period. 

Major Canponent8.- The Elec t r ica l  Power System shall 
be canprised of t he  following major components. 

a. Three (3) non-regenerative hydrogen-oxygen mel- 
c e l l  modules. 

b. Mechsnical accessories, including control  cmpon- 
ents,  reactant tankage, piping, radiatore,  conden- 
8ors, hydrogen circulators  and water extractore,  
i so la t ion  valves and such other devices as required. 

c. Three (3) s i lver-zinc primary batteries, each 
having a nmina l  28 volt  output and a minimum 
capacity of 3000 watt-hours (per battery) when 
discharged at the  10 hour rate a t  80”. 

d. An Elec t r ica l  Power System display and control  
panel, suf f ic ien t  t o  monitor t h e  operation and 
status of t he  system and f o r  d i s t r ibu t ion  of gen- 
erated power t o  e l e c t r i c a l  loads, as required. 

Location and Weight.- The locat ion of each of t he  
above components within the spacecraft shall be a8 
l i s t e d  herein. Every ef for t  shall be exercised t o  
minimize equipnent s i z e  and weight, cammensmte with 
t he  established requirements and obtaining the  highest 
practicable r e l i a b i l i t y .  

Component Locat ion 

Fuel-cell  module and controls Service Module 
Tanks (empty), Radiators, 
H e a t  exchangers, Piping, Valves Service Module 
T a t a l  Reactants, plus reserves Service Module 
Silver-Zinc Batteries Ccunmand Module 
E lec t r i ca l  power d is t r ibu t ion  
and controls Command Module 
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3.4.2.9.1.4 Operating Modes. - 
3.4.2.9.1.4.1 Normal Operation.- During a l l  mission phases, from 

launch u n t i l  reentry, the en t i r e  e l ec t r i ca l  p e r  
reauirements of the Comnnnd and Service Module shall be 
supplied by the three fuel-cel l  modules operating i n  
Paral le l .  The primary storage ba t te r ies  would be main- 
tained fully charged under t h i s  condition of operation. 

3.4.2.9.1.4.2 Emergency Operation.- In  the  event of failure t o  one 
of the  fue l -ce l l  modules the  failed uni t  would be 
e lec t r ica l ly  and mechanically isolated frm the  system 
and the  en t i r e  e lec t r ica l  load assumed by the two 
fuel-cell modules remaining i n  operation. The pr imary  
batteries would be maintained f u l l y  charged under t h i s  
condition of operation. 

I n  the event of fa i lure  of two of the  fuel-cel l  modules, 
t he  f a i l ed  units would be e l ec t r i ca l ly  and mechanically 
isolated fram the system. 
would be immediately reduced by the  crew and manually 
programmed t o  hold within the  generating c a p b i l i t i e s  
of the remaining operable Fuel-Cell Module. 
primary batteries would be recharged, if necessary, 
and Ioaintained fu l ly  charged under t h i s  operating con- 
d i t  ion. 

Spacecraft e l ec t r i ca l  loads 

The 

3.4.2.9.1.4.3 Reentry and Recovery. - A t  reentry, the Fuel-Cell Modules 
and accessories w i l l  be jettisoned. 
e l ec t r i ca l  power requirement8 shall be provided by the 
primary storage batteries. 

A l l  subsequent 

3 -4.2.9.2 System Requirements. - 
3.4.2.9.2.1 %el-Cell Module.- Each Fuel-Cell Module shall have the  

following performance character is t ics .  

3.4.2.9.2.1.1 Type.- Fuel-Cell Modules shall be of the l o w  pressure 
intermediate temperature, Bacon-type, u t i l i z ing  porous 
nickel, unactivated electrodes and aqueous potassium 
hydroxide as the  electrolyte.  
operated non-regeneratively, u t i l i z ing  hydrogen and 
axygen as the  reactants. 

Fuel ce l l s  shall be 
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3.4.2.9.2.1.2 Output Power.- Each Fuel-Cell Module shall have a nun- 
i n q l  capacity of 1200 watts at an output voltage of 
28 vol ts  and a current density conservatively assigned 
such that 50$ overloads can be continuously supplied. 

Pressure and Temperature.- The nominal ce l l  operating 
pressure and temperature shall be approximately 60 
pia and 4 2 5 9  t o  5009 respectively. 

3.4.2.9.2.1.3 

3.4.2.9.2.1.4 Fuel Consumption. - Under n o m 1  conditions of operation, 
t he  specific fuel consumption shall not exceed 0.9 
lb/Kw-Hr, total H2 and 02. 

3.4.2.9.2 .l. 5 Water Generation. - The water generated by the  Fuel-Cell 
Module shall be potable and shall be separated fram the  - 
hydrogen and stored. 

S ta r t  Up.- Self -sustaining reaction within the Fuel-Cell 
Module shall be in i t ia ted  a t  a temperature of appraxi- 
mteu 27'50F. 
facilitate ground s tar t ing as w e l l  as during the miesion. 
These heaters shall not be capable of heating units t o  
excessive temperatures w i t h  the fuel-cel l  and its cooling 
system inoperative. 

3.4.2.9.2.1.6 

Integral  heaters shall be provided t o  

3.4.2.9.2.1.7 Fuel-Cell Modules. - A detection and control system shall 
be pruvided with each Fuel-Cell Module t o  prevent con- 
tamination of t h e  collected water supply. 

3.4.2.9.2.1.8 System Redundancy. - The degree of redundancy provided 
f o r  mechanical and e lec t r ica l  accessory equipnent such 
as radiator loops, control valves, piping circui ts ,  
voltage regulator, etc., shall, i n  general, be 100 
percent. 

Electr ical  Distribution. - 
General. - The distribution portion of the e lec t r ica l  
power system shall contain all necessary busses, 
wiring protective devices, switching and regulating 
equipnent . 

3.4 -2.9 -2.2 

3.4.2.9.2.2.1 

Except as specified herein, the e lec t r ica l  distribution 
system shall conform t o  the requirements of standard 
MIL-STD-?~~ . 
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Selection of par t s  and materials, workmanship, fabr ica-  
t i o n  and manufacturing processes s h a l l  be guided by 
the requirements of MIL-E-5400, except as required t o  
meet the  performance or design requirement specified 
herein.  

' 

3.4.2 4.2.2.2 System Voltage. - Elec t r ica l  power shall be generated and 
d is t r ibu ted  a t  28 vol ts  DC (nominal). 

Regulation.- The voltage level shall be regulated t o  pre- 
vent variance of more than +,2 vol t s  from the  nmina l  vol-  
tage under a l l  conditions of operation of t he  f u e l  ce l l  system. 

3.4.2.9.2.2.3 

3.4.2.9.2.2.4 AC Ripple.- A l l  DC busses i n  the  system shall be main- 
ta ined essent ia l ly  f r e e  of AC r ipp le  (as defined by 
paragraph 3.12 of MIL-STD-704) t o  within a l i m i t  of 
250 millivolts peak t o  peak. 

Protection. - Busses and e l e c t r i c a l  loads shall be 
se lec t ive ly  protected such t h a t  individual load f a u l t s  
w i l l  not cause an interruption of p e r  on the  bus t o  
which t h e  l a d  is connected. Likewise, a f a u l t  on the  
nonessential bus sha l l  not cause an  interrupt ion of 
power t o  the essent ia l  bus. 

3.4.2.9.2.2.5 

3.4.2.9.2.2.6 Load Grouping. - A l l  e l e c t r i c a l  loads supplied by the 
d is t r ibu t ion  system s h a l l  be c l a s s i f i ed  as Essent ia l ,  
Nonessential, Pyrotechnic, o r  Recovery. Essent ia l  
loads are defined as those loads (except pyrotechnic 
c i r cu i t s )  which are mandatory f o r  safe return of t h e  
spacecraft t o  ear th  fran any point i n  the  lunar mission. 
Such loads as are not mandatory f o r  safe return of t h e  
spicecraf t  shall be grouped on t h e  Nonessential bue 
and provision made for  disconnecting these loads as a 
group under emergency conditions. A l l  loads required 
during t h e  post-landing recovery period s h a l l  he 
supplied by t h e  Recovery bus and provision mde for 
manually disconnecting t h i s  bus from t h e  Essent ia l  bus 
following landing. Redundant busses sha.11 be provided 
f o r  pyrotechnic c i rcu i t s ,  and used t o  supply only that 
type load. 

Power Conversion. - Equipment which requires conversion 
of basic e l e c t r i c a l  power (28 vo l t s  DC) t o  power with 
other character is t ics  s h a l l  accept t he  basic power 
as defined herein fo r  modification and use. Conversion 
o r  inversion devices required f o r  t h i s  purpose s h a l l  
be in tegra l  with t h e  u t i l i z a t i o n  system or u t i l i z a t i o n  
equipment, whenever prac t ica l .  

3.4.2.9.2.2.7 - 
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3.4.2.9.2.2.8 External Power. - Provision s h a l l  be made t o  energize 
the  d is t r ibu t ion  system from an external source (28 
volts ,  100 amps E) through an umbilical connector 
and a blocking diode. 

- Elec t r ica l  Distribution Panel. - The Distribution Panel 
shall be dead f ront  and adequately enclosed or  other- 
w i s e  prutected t o  minimize hazards t o  t h e  crew and 
provide maximum mechanical protection f o r  t he  e l e c t r i c a l  
system and components. 
accomplished by manually operated c i r c u i t  breakers o r  
contactors i n  preference t o  e l e c t r i c a l l y  operated 
contactors, except where use of a remotely controlled 
device is necessary t o  reduce the  length of la rge  
e l e c t r i c a l  conductors .. 

3.4.2.9.2.2.9 

Switching and control shall be 

3.4.2.9.2.2.10 System Type.- The dis t r ibut ion system shall be a two-wire 
grounded system, i .e . ,  w i r e  and busses shall be employed 
as t h e  return Wth f o r  e l e c t r i c a l  currents, i n  l i e u  of 
using the spacecraft s t ructure  f o r  t h i s  purpose. The 
system negative shall be grounded at  one point only and 
shall not be interrupted by any control or switching 
device. 

3.4.2.9.2.3 Reactant Tankage.- 

3.4.2.9.2.3.1 General Requirements. - Sufficient tankage s h a l l  be 
provided t o  s to re  a l l  reactants required by the  Fuel- 
C e l l  Modules and eavirmmentaf controls for  a lk-day 
mission. Reactants sha l l  be s tored supercr i t ica l ly  at  
cryogenic temperatures and the tankage s h a l l  consist  
of two equal volume storage vessels f o r  each reactant.  
The main oxygen and nitrogen storage shall supply 
both the Environmental Controls System and t h e  fue l -  
ce l l s .  

3.4.2.9.2.3.2 - Reserves. - The tankage volume s h a l l  include the  fue l -  
c e l l  f l u i d  requirements plus 1 6  reserve and the  
environmental f l u i d  requirements. 
volume shall include the fue l - ce l l  requirznieR%a plus 
IO$ reseme. 

The hydrogen storage 

3.4.2.9.2.3.3 System Arrangement. - Adequate valves and controls shall 
be provided t o  i so l a t e  ident ical  reactant tanks f r an  
ea& other, and from the environmental controls and 
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Fuel-Cell Modules. 
fran any reactant tank t o  any Fuel-Cell Module. 

Valve arrangement shall allaw flow 

The schematic arrangement Figure 76 is intended only 
t o  convey to the vendor the requirements covered above, 
rather than the complete system arrangement. 
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3.4.2.10 

3.4.2.10.1 

Camnunication and Instrumentation System. - 
General Design Requirements. - Equipnent shall be 
constructed t o  f a c i l i t a t e  maintenance by ground personnel 
and by the  crew. Each system, together with the  in t e r -  
connecting cables, shall be as nearly self-contained as 
possible t o  simplify removal frm the  Sgacecraf't. 
The equipnent and system shall be capable of sustained 
undergraded operation with supply voltage var ia t ion  of 
+ l 5  percent t o  -20 percent of t h e  nominal bus voltage. 
F l ex ib i l i t y  f o r  incorporation of fu ture  additions o r  
modifications shall be s t ressed throughout t h e  design 
and assembly of a l l  cmponents and systems. 
end, t he  following features shall be provided: 

T m r d  t h i s  

a. Spare conductors shall be included i n  each wire group 
t o  permit system revisions or additions without 
necessitating retrunking of w i r e  runs or addi t ional  
bulkhead penetrations. 

b. Insofar a8 possible, a l l  spare contacts o r  relays, 
switches, contactors, e tc . ,  shall be w i r e d  and brought 
t o  a n  accessible point f o r  fu ture  use, i f  needed. 

A patch and programing panel shall be provided which w i l l  
permit the  routing of s ignal  inputs from sensors t o  any 
selected signal conditioner and f r a n  these t o  any desired 
canmutator channel. 
ca-bility of "repatchirg" during a mission. 

Circuit  Quality Analysis Chart. - The Contractor shall 
provide a c i r cu i t  qual i ty  analysis f o r  each radiat ing 
e l e c t r i c a l  system. 
m t i o n  showing exactly how ranging, telemetry, voice, and 
te lev is ion  data modulate a l l  t ransmit ters  with which they 
are used. This information shall include: 

Panel design shall provide the  

3.4.2.10.1.2 

The Contractor shall provide infor-  

a. Description of modulation systems used. 

b. B i t  rates used i n  each data m o d e .  

c .  Bandwidth required on subcarr ier  osc i l la tors  and main 
ca r r i e r .  

d. Frequencies of a l l  subcarrier osc i l la tors  and type of 
data on each. 
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3.4.2.10.2 T e s t  and Maintenance. - The equipnent and associated 
documentation sha l l  be engineered f o r  ccmprehenaive 
and log ica l  fault tracing. It shall be possible t o  
check the  operabili ty of a l l  functions of t he  equipnent 
after in s t a l l a t ion  i n  the  Spacecraft. Each subsystem 
s h a l l  contain suff ic ient  monitor points which are 
readi ly  accessible t o  allow rapid and canplete systems 
check. 
t o  facilitate prelaunch tests, before and a f t e r  mating 
with t h e  launch vehicle. 
design shall provide f o r  power control  and system 
act iva t ion  such that the  maxhum number of individual 
sys tem tests can be performed without full support 
or coordination with other s p c e c r a f t  sys tem o r  those 
of t h e  launch vehicle. It is of prime importance tha t  
t h e  coupling of test equipnent does not affect the  on- 
board systems so t h a t  unrea l i s t ic  test conditions are 
created. 
t h e  introduction of test  cabling s h a l l  be kept t o  a 
minimum. 
a u t m a t i c  checkout equipnent . 

The equipnent and sys tem shall be designed 

Insofar as possible, t h e  

The uncoupling of system connections and 

Consideration s h a l l  be given t o  f l ex ib l e  

Communication System. - The @tmIEUId and Service Module 
Communications System shall prov ide the following: 

3.4.2.10.3 - 
Voice Communication 
Telemetry 
Television 
Tracking Transponders 
Radio Recovery Aids 
Antenna Subsystems 
Radar Altimeter ( i f  required by Guidance System) 

The following systems descriptions are based upon 
GOSS u t i l i z a t i o n  employing the  currently supported 
HF, VHF, and C-band frequencies f o r  near-earth cam- 
municetions, and the UHF frequencies for lunar distance 
communications. However, a t r ans i t i on  t o  a s ingle  
(unified) IJHF car r ie r  frequency , using modulation 
techniques typ ica l  of the  present DSIF system is 
contemplated f o r  both near-earth and l u n a r  cammunica- 
t ions .  
t h i s  t rans i t ion .  

The system design s h a l l  allow provision f o r  

3.4.2.10.3.1 Voice Comiimicntion. - Two-way voice communication 
c a p b i l i t y  hetween t h e  individual crew m e m b e r s ,  between 
t h e  Spacecraft and earth-based s ta t ions ,  and between 
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each module in a rendezvous maneuver shall be 
provided. 
supplied) shall provide two -way voice comunication 
between crew members whether internal or external to 
the Spacecraft. An intercommunication (plug-in) 
system shall be supplied by the Contractor.' Reliable 
communication in the near-earth phase.of flight shall 
be afforded by a UHF link to that range at which DSIF 
communications can be acquired and maintained for all 
potential flight paths. 
UHF DSIF transponder shall provide reliable voice trans- 
mission and reception to lunar distance. 

A personal communication s!ystem (NASA- 

Voice communication using the 

3.4.2.10.3.2 Telemetry.- A flexible pulse-code-modulation telemetry 
subsystem compatible with both the VHF and UHF' trans- 
mission systems shall be provided. Initial telemetry 
and display system design shall incorporate flexibility 
to add a ground spacecraft data link. 

3.4.2.10.3.3 Television. - A television closed-circuit subsystem for 
use by the crew in monitoring internal and external 
scenes in real-time shall be provided. A portable 
television subsystem capable of real-time and high 
reso1.i tion, picture transmission shall be provided. 
0pti.mum modulation method shall be employed. 
rate and reso1,:tion trade-offs with transmitter power 
and antenna size shall be optimized. 

Frame 

3.4.2.10.3.4 Tracking Transponders. - A C-band transpcnder scbsystern 
compatible with the AN/FPS -16 and equivalent radars 
shall be provided. This subsystem shall be capable 
of providing reliable tracking signals in the near- 
earth-phase of flight to that range at which DSIF 
tracking can be acquired and maintained for all potential 
flight paths. A UHF transponder providing reliable 
velocity and range tracking to lunar distance when 
used with the DSIF shall be supplied. 

3-4.2.10.3.5 Radio Recovery Aids. - The radio recovery aids sub- 
system shall consist of an HF transceiver system which 
may be either voice or tone-modulated, and a VHF beacon. 

3.4.2.10.3.6 Antennas.- The near-earth antenna system shall consist 
of multiple flush-mouthed antennas which essentially 
provide omnidirectional patterns in a plane perpendi- 
cular to the booster longitudinal axis. 
antenna compatible with DSIF shall be used at minor 
deep-space distances. 

A similar 

This antenna shall offer 
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suf f ic ien t  gain f o r  reliable t ransfer  of p r io r i ty  . 
information a t  a reduced banwidth in  an emergency 

'condition up t o  lunar distances. The direct ional  
antenna system sha l l  be e i t h e r  designed for  s t resses  
encountered throughout the mission or  be retractable  
for  periods of high s t ress .  Both manudl and automatic 
antenna s teer ing sha l l  be providea f o r  the d i rec t iona l  
antenna. 

3*4.2.10.3.7 Radar Altimeter. - A rendezvous and al t imeter  radar 
system commensurate with guidance requirements s h a l l  be 
provided by the Contractor if such a system is  required. 

3.4.2.10.4 Instrumentation. - 
3.4.2.10.4.1. General. - The Instrumentation System s h a l l  detect ,  

measure and display a l l  parameters required by the 
crew f o r  monitoring and evaluating the in t eg r i ty  and 
environment of t h e  spacecraft and performance of t h e  
Spacecraft systems. 
mission t o  ear th ,  t o  f a c i l i t a t e  ground assessment of 
Spacecraft performance and f a i lu re  analysis. 
provide the crew w i t h  information as required f o r  abort 
decision. 
f o r  documenting the mission through photography and 
recording. 

Measurements. - A tabulation of measurements s h a l l  be 
provided and include the number and type of d.3.  
xeasurement s ; sensor charac te r i s t ics  ; conditions when 
taken ( f l i gh t ,  f l i g h t  phase, e tc .  ); data disposit ion,  
i .e . ,  displayed, real-time telemetry, recorded f o r  
telemetry playback, recorded f o r  storage, e tc .  A 
block dlagram showing the interrelat ionship of the 
instrwnentat ion components s h a l l  a l so  be provided. 

Sensors. - The sensors selected f o r  each application 
shal l  have an inherent r e l i a b i l i t y  at  least one order 
of magnitude grea te r  than the measured and measuring 

It s h a l l  provide data f o r  trans- 

It shall 

In addi t ion ,  the capabi l i ty  s h a l l  be provided 

3.4.2.10.4.2 

3.4.10.4.3 
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3 .4.2.10.4.4 

3 -4.2.10.4.5 

3.4.2.10.4.6 

subsystem and shall be cmpensated such t h a t  t h e i r  cam-. 
b i l i t y  t o  perfom t h e  intended function is not degraded 
by t he  environmental conditions t o  which they are subdected. 
Excitation voltage, where required, shall be standardized. 
Transducer output shall a l so  be standardized, insofar as 
practicable.  Inaccessible measurement areassshall be pro- 
vjrlpit with both prim~ry and e p r e  sensms and associated 
auxi l ia ry  equipment as required. E lec t r i ca l  lea& asso- 
ciated with the  sensors shall be e l e c t r i c a l l y  shielded 
and mechanically secured 80 as t o  minimize t h e  generation 
or pickup of noise by t h e  leads. 

’ 

mta Disposition. - The capabi l i ty  shall be provided f o r  
data transmission upon crew command o r  onboard programmed 
command (e.g., f i v e  minutes transmission each hour 
during the  coast phase of the mission). 
shall be made f o r  transmitting data i n  t h e  following 
c r i t i c a l  areas : 

Provisions 

a. Measurements relati.ng d i rec t ly  t o  conditions having 
an immediate e f fec t  on crew safety.  

b. Suff ic ient  measurernents i n  each functional area or 
system t o  f a c i l i t a t e  f a i lu re  analysis  i n  event of an 
unsuccessful f l i g h t .  

c. Navigation and guidance data as required t o  permit 
ground s t a t ion  checking of vehicle posit ion and 
course . 

- Tape Recorders.- One recorder system shall be provided 
for the  storage of teleinetry, voice, and possibly video 
information f o r  l a t e r  playback a t  the discret ion of the  
crew, o r  f o r  data storage pending swcec ra f t  recovery. 
A second recorder system sha l l  be provided f o r  m u l t i -  
channel recording of high-frequency mrameters such as 
sound and vibration. This recorder shall a l s o  be s u i t -  
able f o r  use i n  conjunctionwith the s c i e n t i f i c  and 
biomedical instruments .  

Panel Display Tndicators.- The p n e l  display indicator 
s h a l l  not be coupled d i rec t ly  t o  those data channels 
which are providing similar information t o  the  telemetry 
o r  recording system, i .e . ,  there shall be no coupling 
between the panel display instruments and telemetry/ 
recording channels which could r e s u l t  i n  cross e f fec ts  

\ 
\ \ 
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between the c i r cu i t s ,  even i n  event of mlf unct ion. 

Calibration. - A cal ibrat ion feature  shall be provided 
as an in tegra l  part of the measurement system and 
shall be such as t o  provide a rapid analyt ic  assessment 
of t h e  measurement system's performance.. The method 
of ca l ibra t ion  shall encompss the overal l  system 
where practicable, and i n  addition shall include 
se l ec t iv i ty  of au tma t i c  or manual operation a t  the  
crew's discret ion.  

Clock.- Redundant, real-time, binary code generating 
devices shall be provided t o  a c t  as the  primary t i m e  
reference; t o  correlate  a l l  data; and t o  function as 
an  in t eg ra l  part of a l l  t ime-cr i t ica l  operations. The 
accuracy and s t a b i l i t y  of t he  clock under the environ- 
mental conditions expected shall be comptible  with 
t h e  navigation and guidance requirements and f u t u r e  
sc ien t  if  i c  needs. 

- Telescope. - A gimbal-mounted telescope shall be provided 
t o  aid i n  v isua l  study and photography of the lunar 
surface and celestial bodies. Dual operating m o d e s  
shall be possible (high parer - narrow angle f ie ld  of 
view, o r  l a w  power - wide angle f ield of view). 
Reference ax is  information shall be provided. 

Cameras.- Two onboard time correlated cameras sha l l  be 
used on board; one suitable fo r  monitoring the crew, 
displays, and spacecraft inter ior ;  the  other sui table  
f o r  lunar photography and s t e l l a r  studies. The latter 
camera shall be capable of use in  conjunction w i t h  the 
telescope or  independent use a t  t h e  crew's discretion. 
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3.4.3 

3.4.3.1 

Lunar Excursion Module Systems.- The characteri.stic8 of . 
the  major systems included jn t he  Lunar Excursion Module 
are presented. 

Guidance and Control System.- The concept of a Lunar 
Ekcursion Module landing and returni  ng f o r  a lunar 
orb i t  rendezvous imposes the  folluwing requirements 
on the  control  and guidance system of t h e  Lunar 
Excurs ion Module. 

a .  Control of de-orbit impulse t o  follow planned 
t r a j ec to r i e s .  

b .  Braking hovering and t rans la t iona l  control  t o  
s e l ec t  t he  most desirable landing point .  

c .  Lunar launch guidance t o  rendezvous with t h e  
parent veh j c l e  . 

I d .  Docking w i t h  the  parent vehicle. 

e.  Providing abort guidance and control  during a l l  
phases. 

3 .4 .3 .1.. 1 The Guidance and Control System is essent ia l ly  
divided in to  two systems. The Navigation and Guidance 
System w i l l  be furnished by MIT. The Stab i l iza t ion  
and Control System is t h e  responsibi l i ty  of t h e  LEM 

~ Contractor. 

3.4.3.1.2 Guidance System.- The Guidance System is similar t o  
the guidance system i n  t h e  Apollo command module thus 
insurlng t h a t  the  w c e c r a f t  i n  lunar o rb i t  and/or the  
Lunar Excursion Module can d i rec t  t h e  maneuvers f o r  
lunar rendezvous. Since the Lunar Ekcursj on Module 
has no requirement f o r  atmospherj c reentry guidance 
there  is some simplication and modification of t h e  
system. 

i 3.4.3.1.3 S tab i l iza t ion  and Control System. - T h i s  system on 
the  Tunar Excursion Module s h a l l  provide the  logic 
and information for a t t i t ude  control  during free 
Lunar Excursion Module f l i gh t ,  thrust ing,  hovering, 
vernier corrections f o r  docking, l u n a r  landjng and 
lunar orb i t  rendezvous maneuvers. Cons ideration 
shall be given t o  t h e  provision of a backup guidance 
scheme u t i l i z i n g  elements of t h e  S tab i l iza t ion  and 
Control System where poss i ble . 
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3.4.3.2 

3.4.3.2.1 

3.4.3.2.2 

3.4.3.2.2.1 

3.4.3.2.2.2 

3.44.2.2.3 

3.4.3.2.2.4 

3.4.3.2.2.5 

3.4.3.2.3 

3.4.3.2.3.1 

Lunar Excurs ion Proprils i on System : 

General Description.- The Lunar Excursion Propulsion 
System w i l l  be located i n  the  Lunar Excursion Module 
and w i l l  provide propulsion requirements fo r  the  
Lunar Excursion Module f o r  lunar landing, lunar 
launch and lunar orbi t  rendezvous with the Command and 
Service Module. The Lunar Excursion Propulsion System 
w i l l  u t i l i z e  earth-storable hyperbolic propellant6 and 
w i l l  have a preesurized propellant feed system. 
Variable th rus t  i s  required. 

Performance Requirements- The Lunar Excursion 
Propulsion System w i l l  be required t o  provide pro- 
pulsion requirements fo r  the  Lunar Excursion 
Propulsion Module as follows. 

Lunar O r b i t  Transfer . - The veloci ty  increment 
required t o  t ransfer  from a c i r cu la r  t o  an e l l i p t i c a l  
lunar o rb i t .  

Lunar Landing.- The velocity increment required t o  
land t h e  Lunar Excursion Module on the  lunar surface 
including t ranslat ion and hovering requixements . 
Lunar Launch.- The velocity increment required t o  
launch the  Lunar Excursion Module from t h e  lunar 
surface in to  an elliptical lunar o rb i t  including 
t h e  effects of t h e  l u t a r  gravi ta t ional  f i e l d .  

Lunar Orbit Transfer.- The veloci ty  increment 
required t o  t ransfer  from an e l l i p t i c a l  o rb i t  t o  
the  Command and Service Module c i r cu la r  o r b i t .  

Lunar Rendezvous.- -- The major velocity increment 
required t o  rendezvous the Lunar Excursion Module 
w i t h  t h e  Command and Service Module. 

System Operation 

Operating Features . - The propellant pressurization 
gas tank or tanks sha l l  be sealed i n  a posit ive 
manner by redundant squib valves t o  prevent leakage 
pr ior  t o  use. 
s h a l l  be provided. A propellant u t i l i za t ion  system 
t o  control  proper oxidizer-fuel r a t i o  s h a l l  be 

Redundancy i n  t h e  pressure regulators 
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considered. 
against  f a i lu re  i n  the open or  closed mode are re- 
quived. 
and a variable area injector or  upstream variable 
o r i f i c ing  may be used. 
t o  operate w i t h  m a x i m u m  tolerance t o  system contami- 
nation w i t h  no catastrophic f a i l u r e  of the th rus t  
chamber. 
s h a l l  be designed w i t h  consideration being given t o  
provide the most re l iab le  Lunar Excursion Module. A 
single, p a r t i a l l y  or two-staged propulsion system s h a l l  
be designed t o  provide the most otimum lunar landing 
and lunar  launch system. 
chamber, consideration shal l  be given t o  designing for  
off  normal conditions such as over pressure transients, 
in jec tors  plugging, and streaking. 

Redundant propellant valves t o  guard 

Variable thrus t  capabi l i ty  is t o  be provided 

"he in jec tor  s h a l l  be deeigned 

Single or multiple t h rus t  chamber configurations 

In designing the  th rus t  

3.4.3.2.3.2 Safety Features.- F i l t e r s  t o  protect  c r i t i c a l  components 
such as pressure regulators and in jec tors  and a t  the 
discharge of squib valves a re  required. Check valves 
t o  prevent oxidizer-fuel cross  flow shall be provided 
i n  the pressurization l ines .  Relief valves with burst  
d i sc  in  se r i e s  and located on the relief valve i n l e t  
side s h a l l  be provided t o  protect  the propellant tanks 
fcrm over pressure. 
provided f o r  t h e  variable th rus t  orif ice. Pressuriza- 
t i o n  gas and propellant tanks sha l l  be sealed by 
burs t  d i scs  or  squib valves and check valves. Mrurimum 
use of welded o r  brazed l ines  should be used t o  minimize 
leak points. U s e  of failure indtcating c i r c u i t s  
should be minimized. 

Redundant actuation should be 

3.4.3.2.3.3. Pref l igh t  Checkout. - T e s t  points  are t o  be provided 
t o  pressure check, purge and flow check a l l  p a r t s  of 
the propulsion system. Provisions f o r  checking a l l  
sensors and f l i g h t  instrumentation s h a l l  be made. The 
system shall be capable of being s t a t i c - f i r e d  as an 
e n t i r e  system p r i o r  t o  f l i gh t .  The variable thrus t  
in jec tor  or  o r i f i c e  s h a l l  be designed t o  provide 
maximum th rus t  i n  event of f a i lu re  i n  any lower thrus t  
posit ion.  



3.4. 3.2. 
3.4 4 . 2 . 4 . 1  

3.4.3.2.4.2 

3 .4 .3 .2 .4 .3  

3 h . 3 . 2 . 5  

3.4.3.2.5.1 

3.4 3.2.5.2 

3.4 3.2.6 

3 A.3.2.6.1 

C r e w  Participation. - 
Monitoring Function.- The crew s h a l l  be able t o  
moni.tor system pressures and temperatimes, th rus t  
chamber pressure, and propellant leve l .  Engine 
variable t h r u s t  in jector  device position should also 
be indicated. If a propellant u t i l i za t ion  system 
is provided, 'means of monitoring i ts  operation s h a l l  
be provided. 

Normal Operation.- Arming the  propulsion system fo r  
operation s h a l l  be a crew function. Actual system 
i n i t i a t i o n  s h a l l  be an automatic function controlled 
by t h e  guidance system. Variation i n  thrus t  level 
s h a l l  a l s o  be controlled by the guidance system. If 
a two staged or par t ia l ly  staged propulsion system 
configuration is used, i n i t i a t i o n  of separation shsll 
be a crew function. Tho crew shall be able  t o  monitor 
t h e  automatic guidance functions. 

Eznergency Operation. - Automatic switchover t o  
redundant system components such as pressure regu- 
lators or propellant valves s h a l l  be provided.. 
Manual override o f  th rus t  by t h e  crew is required. 
The crew s h a l l  be able t o  override any automatic 
function. 
and maintenance by the  crew while on the  lunar 
surface sha l l  be provided. 

-- 

Provisions f o r  propulsion system inspection 

Guidance System Requirements ----- 
Thrust-Vector Control. - Thrust vector control  m y  
be provided by gimbaling t h e  Lunar Excursion Pro- 
pulsion Engine  or by use of t he  Lunar Excursion 
Reaction Control System. 
Propulsion Engine is t o  be gimbaled, redundant 
gimbal actuation systems are t o  be provided. 

- -- 

If t h e  Lunar Excursion 

Velocity - Cut-Off Control. - Velocity cut-off control 
and repeatabi l i ty  shall be consistent w i t h  the  
requirements of the lLinar landing and launch mission. 

' 

Propellants. 
s h a l l  use an earth s torable  hyperbolic by propellant 
combination. 

The Lunar Excursion Propuls ion System 

Oxidizer. - The oxidizer s h a l l  be nitrogen tetroxide 
( N 2 0 4 ) i t h  n i t r o u s  oxide(N20) added t o  depress the  
freezing point i f  necessary. 



e 

Riel*-  The fuel s h a l l  be monomethylhydrazine (MMH). 

Performance.- The minimum three sigma deviation of 
specific impulse during engine operating l i f e  s h e l l  
not be less than 305 lb/sec. 

- 

l b  
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Reaction Control System.- The mar  Excursion Module 
Reaction Control System s h a l l  consist  of two independent, 
interconnectable sub-systems, each capable of meeting 
the t o t a l  torque and impulse requirements. Each sub- 
system s h a l l  provide two-directional control i n  a l l  
axes. 
go l ic  bipropellants ant3 sha l l -be  pulse-modulated. 

The reaction control  system s h a l l  u t i l i z e  hyper- 

Thrust Chambers.- The t h r u s t  chambere s h a l l  be radiation- 
cooled and performance s h a l l  be optimized f o r  the 
application. 

Propellant Tanks.- Each sub-system s h a l l  have one 
oxidizer and one h e 1  tank. 
with a bladder for zero gravi ty  expulsion. 
s h a l l  be capable ofmultiplecycling. 

Each tank s h a l l  be equipped 
Bladders 

Propellant Feed.- Normally the p a i r  of propellant tanks 
i n  each sub-system s h a l l  feed a l l  th rus t  chambers in  t h a t  
par t icu lar  sub-system. However, revers ible  i so la t ion  
valves s h a l l  be furnished t o  allow iso la t ion  of the 
th rus t  chambers i n  each axis. Reversible valves s h a l l  
be furnished t o  allow propellant feed from the launch 
propulsion tankage. 
l a n t  feeds, quad check valves s h a l l  be u t i l i zed  t o  pre- 
vent t ransfer  of propellants from one sub-system t o  
the  other sub-system tankage o r  t o  the propulsion 
sys t e m .  

In these redundant modes of propel- 

Pressurization.- Each sub-system s h a l l  have a gaseous 
helium storage and pressurization system. Quad check 
valves shall be used a t  each propellant tank feed. 
redundant squib valves may be used t o  i so la te  the high 
pressure storage u n t i l  the system operation is  required. 
However, provisions s h a l l  be made f o r  ground servicing 
and checkout. 

Propellants. - The same propellant combination as .used 
f o r  the propulsion system s h a l l  be u t i l i zed  i n  t h e  
reaction control  system. The f u e l  s h a l l  be of the 
hydrazine family with nitrogen tetroxide o r  mixed oxides 
of nitrogen as the oxidizer. 
combination s h a l l  be made only after an analysis of 
performance and environmental factors .  

Final select ion of the 



3 .Ir . 3  .I4 Lunar Touchdawn System.- The Lunar Excursion Module 
incorporates a Lunar Landing Touchdown System t o  
arrest impact, support the Lunar Excursion Module during 
its period on the  moon, and provide a launching baee. 

S t ruc tura l  Load Paths.- The Lunar Touchdown System 
shall be designed t o  take advantage of exis t ing 
s t ruc tu ra l  arrangements provided for  tankage and 
general propulsion systems. 
provided on the  Lunar Excursion Module which w i l l  
accanancdate var ia t ions i n  landing gear geometries 
and have load dis t r ibut ion capabi l i t i es  compatible 
with anticipated landing gear loads. 

1 

I 

3 .4 .3 .h  .1 

Hard points are t o  be 

Interference w i t h  Other Systems. - The Lunar  Touch - 
down Syzem s h a l l  be designed such t h a t  In  a l l  
pasit ions of s t w a g e  and deployment it does not 
in te r fe re  with the  use of the  propulsion systems 
for  lunar descent or a t t i t ude  control  purposes. 

--- 3 . 4 . 3  .h .2 

Stowabi1ity.- The Lunar Touchdown System ie  stowed 
i n  avai lable  free s m c e  of the adapter. 
-- 3 . 4 . 3 . 4 . 3  

3 . 4 . 3 . 4 . 4  Deployment :- Deployment may be perf orrned manually 
by crew i n  extra-veh icvlar s u i t .  

3.4.3.4.5 Inspect i on,Mairiteitance and Servic inG. - The design 
s h a l l  be s u c h  that advantage can be taken of t h e  
crew's capabi l i t i es  i n  extra  vei? i cular  suits both 
i n  f l i g h t  and  on the lunar surface, f o r  inspection, 
maintenance and servicing. C r e w  p r t i c i p t i o n  is 
t o  be considered where s i g n i f  icant advantage is 
at ta ined j n reducing complexity and improving reli-  
a b i l i t y  without undue demands on t h e  crew's c a p -  
b i l i t i e s .  

..- - c -- 

3 . 4 . 3 . 4 . 6  Lunar - Ianding Aids. - The use of deploying landing 
aids from the  T,unar Excursion Module, such as pene- 
trometers, a t  near t he  hover a l t i t u d e  should be con- 
s idered . 
Post Ianding Atti tude.  -- - The S p c e c r a f t  inherently 
s h a l l  return t o  or  be i n  a near ve r t i ca l  coridi.tion 
sa t i s fac tory  for lunar launch or normal egress. 

- 3 . 4 . 3 . 4 . 7  

Surface Condition. - The l'unar Touchdawr~ System s h a l l  
cater f o r  landings on maria surfaces or  c r a t e r  floors 
cis described i n  t h e  lunar surface c r i t e r i a  of Reference 16. 

--- 3 . 4 . 3  .b .8 
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Structural System.- In addition t o  the  f’undiunental 
load carrying structures, the Lunar Excursion Module 
structural system s h a l l  include meteoroid protection 
radiation protection inherent in the structures and 
psesive heat protection. 
be designed and evaluated in accordance with standard 
aircraft practice and by the sme criteria aa are the 
Conrmsnd and Service Module. 

Primary structures ehal l  
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I 3 A.3.6 C r e w  System. - The flight crew, their responsibilities , 
integration and personal support equipment are des- 
cribed here. 

3.4.3.6.1 Flight Crew.- The cammnder (p i lo t )  and the p i lo t  
system manager fraa the carmand module canpriee the 
Lunar Excursion Module flight crew and the eecond-in 
camnand p i lo t  mvig;ator remains with the camnrnd 
module. Eech crew member performa the functions 
assigned i n  Section 3.4.2.7 with the additlonrrl require- 
ments that they participate i n  the lunar surface 
operatione and preparation of records. 

3.4 3.6.2 C r e w  Integration. - The crew work space arrangement 
shall reflect the on-board comoand and control 
responsibil i t ies of the c r e w  and provide for active 
on-board management of the fli@t control system and 
spacecraft subsystems. 

3.4.3.6.2.1 Displays and Controls.- The displays and controls 
sha l l  provide maximran crew effectiveness and space- 
c ra f t  r e l i ab i l i t y .  Division of c r e w  tasks shall be 
reflected i n  t h e  displays and controls arrangement. 
Location of a l l  displays and controls s h a l l  not 
require either crewman t o  be mobile during the  lunar 
landing or launch phases of the mission. 

3.4.3.6.2.2 Manual Control.- All manual controls which are  
subject t o  inadvertant actuation during crew ingress 
and egress shall be provided with locks or guards. 
Such safety devices shall not degrade the r e l i ab i l i t y  
of t h e  control system or crew performance. 

Operation by Single Crew Member . -  Controls and displays 
shall be arranged t o  permit one crew member t o  return 
the Lunar  Excursion Module safely t o  the Cannand Module. 
However, t h i s  requirement shall not cause degraded re- 
l i a b i l i t y  or crew performence fo r  two man operation. 

3.4.3.6.2.3 

3.4-3.6.3 Crew Support.- Each crew man s h a l l  be provided with 
a seat capsble of supporting against  acceleration 
loads. The seat sha l l  be adjustable t o  provide f o r  
a canf'ortable rest position and for rendezvous 8nd 
docking visibil i ty.  

3-4.3.6.4 Restraint  System.- A rest ra int  system s h a l l  be pro- 
vided wi th  each seat. 
r e s t r a i n t  fo r  a'll ncminal and emergency flight phases. 
Lunar landing loads and l i f t o f f  accelerations are 
particularly significant i n  t h e  design of t h i s  system. 

It shall provide adequate 
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3 A.3.6.5 Extra-Vehicular Suit .  - The extra-vehicular s u i t  for 
lunar explorstlon I s  t o  be developed under seperate 
opecificatlonrr e 

3.4.3.6.6 

3.4.3.6.7 

F~adi- The food It- rhsU COXUtl tUte  8 lW bulk 
diet. The food r h s l l b e  of the dohydrsted, frsoee- 
dried or simi lar  typo thrt fr rooanrfituted with 
water or does naC roquire rooonrtitution, Thoro are 
no requirements ioc roirigara$ion. Abvmtrgo ab11 
be taken of the lunar gravity influeno0 on fOO& and 
drink. 

Water.- - Water requirements f o r  awtlglgeien and 
vehicle cooling shall be on-board 8% #r&k &&g@h, 

3.4.3.6.8 F i r s t  A i d  muipnent - . - The Lunar Excursion M d u U  
shsll be equipped w i t h  first aid and preventive 
medicine items f o r  coping wi th  variow human 
in jur ies  and disorders. 
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3.4.3.7.1 

3.4 3.7.2 

3 e 4  93 -7.3 

3.4.3 J.4 

3 04.3 *7.5 

Environmental Control System.- The environmental 
control system shall provide the  conditioned 
atmosphere for  L i f e  support from two seprrate re- 
circulating systems as follows: 

-- 

a. lktravehicular s u i t  environmental control system. 

b. Cabin environmental control syetem. 

Additional subsystem design c r i t e r i a  are  given belaw: 

Subsystem Criteria.- These c r i t e r i a  are i n  addition 
t o  those .listed i n  Section 3.2.5. 

Water Vapor removal = 9.6 lb/maqfday 

lktravehiculsr s u i t  environmental control system is 
t o  be considered fo r  emergency operation during lunar 
rendezvous maneuvers. 

Ektra vehicular s u i t  Environmental Control Sptem.  - 
The e x t r a v e h i c u s  s u i t  environmental control syatem 

--- - 
shall be of the recirculating type and is capable of 
4 hours untethered l ife support fo r  lunar exploration, 
with recharging capability. The s u i t  and Environmental Con- 
t r o l  System w i l l  be developed under sepemte epecificstions. 

Cabin Environmental Control Syetem. - This syetem 
w i l l  provide an  ''open face plate'rknvironment i n  t h e  
manned c ampartment and suf f i c  ient ventilation flaw 
t o  maintain comfort for  the  pressure suited crew. 
This recirculating type of configuration enables the 
crew t o  open their face plates and remove gloves f o r  
increased dexterity. 
the crew can "button up", connect the s u i t  bypass, 
and continue operation unimpeded. 

I n  the event of decmpression 

Oxygen Supply .- Oxygen supply s h a l l  be supercritical; 
however, system s h a l l  be serviced w i t h  l iquid oxygen 
w i t h  allowances fo r  passive heating un t i l  just w i o r  
t o  separation i n  lunar orbit .  
required w i l l  be furnished by e l ec t r i ca l  heaters 
at that t i m e  t o  insure supercrit ical  pressure. 

. 

Additional heat ~ E J  

Carbon Dioxide and Odor Control.- Carbon Dioxide 
and odor control w i l l  be p-ovided by LIOH and 
activated charcoal. 
return t o  t h e  orbiting Ooannand and Service m u l e  

The equipnent required fo r  

tage w i t h  the  remainder 
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of the system stowed in  the landing stage. 

3.4.3.7,6 , C r e w  Comfort.- Crew comfort is maintained by a re- 
generative hea t  exchanger and f l o w  diverter  valves. 
Circulation is provided by constant flow redundant 
blowers. 
is accomplished by a water evaporative heat exchanger. 
A l l  water collected i n  the  water separater shall be 
available for cooling purposes. 

Atmospheric cooling and water condensation 

3 04.3 07.7 Naxious Gases.- Noxious gases, including ozone, 
methane, hydrogen, carbon monoxide, freon, or other 
gases emitted from overheated equipnent shall be 
removed t o  maintain a safe working atmosphere. 

Atmospheric Circulation. - The loop shall be provided 
with three p r a l l e l  insolated bluwers, any one of 
which w i l l  circulate the  required flow. 
blower shall be capable of supplying the  following 
requirements t o  both pressure s u i t s  simultaneously: 
Ventilation flow at 3.5 p i a  s h a l l  be 12 CFM thru each 
su i t ;  maximum f l o w  resistance of each s u i t  shall be 5" 
of water a t  12 CFM, 3.5 p i a .  Each pressure s u i t  
connection s h a l l  have a bypass which w i l l  permit 
individual manual flow control. 

3.4.3.7.8 

One operating 

3.4.397.9 Temprature Control.- A l iquid coolant heat exchanger 
system shall be provided t o  cool the circulating air  
below the required dew point fo r  condensate removal 
and hmidi ty  control. A regenerative heat exchanger 
s h a l l  be provided for  t h e  crew t o  control t he i r  in le t  
air tempera ture .  
provided f o r  cooling of circulating a i r  i n  event of 
loss of coolant. 

Humidity Control.- The condensed water vapor sha l l  
be removed by either of two parallel isolated 
separators. Air-driven centrifugal water s e p r a t o r s  
s h a l l  be developed for  use. 
sponge type water separator s h a l l  be pursued u n t i l  
the desired use of t h e  centrifugal separator is 
unquestioned . 
Thermal Control System.- Passive cooling shall be 
ut i l ized where possible. An analysis shall be made 
t o  determine the  optimum method of heat rejection. 
Expendable refrigeration using water and a recircu- 
lating radiator system should be considered wi th  

A water evaporator s h a l l  also be 

3.4.3.7.10 - 
The developnent of' a 

3.4.3.7.11 
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final selection camnensurate with re l iabi l i ty  and 
weight requirements Systems, subsystem and 
components cr i t i ca l  t o  the completion of the mieaion 
shall not be solely dependent on the cabin atmosphere 
for heat redection. Study should include a water 
management analysis incorporating the Cannand and 
Service Module systems. 
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3.4.3.8 Electrical  Power.- The e lec t r ica l  mer and 
distribution system shall supply, regulate and 
dis t r ibute  a l l  e lectr ical  pwer required by the 
Lunar Excursion Module fo r  t h e  duration of its 
specific mission. The source of electr1cal.power 
shall be either silver-zinc primary,batteries or an 
open cycle chemical dynamic engine, or combinations 
of both. 
of receiving and ut i l iz ing residual propellants 
associated wi th  the propulsion system 
shall be based on considerations of mission profiles,  
r e l i ab i l i t y  goals, developnent programs and evidence 
of tangible weight advantages. 
employed, t h e  batteries required for  lunar  l i f t o f f  t o  
rendezvous w i t h  the Command Module and Service Module 
w i l l  be stored i n  the launch stage whi le  those re- 
quired from separation t o  l i f t o f f  w i l l  be stored i n  
the landing stage. 

The chemical dynamic engine s h a l l  be capsble 

The selection 

Where batteries are 
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3.4.3.9 

3.4.3 .g.l 

Cunmunication System. - The on-board cammunication 
system sha l l  provid; reliable voice comnunication, 
telemetry, direct  real time television fo r  cer ta in  
periods on the lunar surface, and a radar fo r  
rendezvous and lunar landing. 

Voice - Communicat%. - This subsystem s h a l l  provide 
voice communication capabilities 88 folluws : 

a. Between t h e  crew members within or outside the  
Lunar Excursion Module. 

b. Between a crew member within the Lunar Excursion 
Module and one on the lunar  surface at  radial 
distances up t o  three nautical  miles. 

c .  Between t h e  Lunar Excursion Module and t h e  Apollo 
Comnsnd Module in  line-of-sjght phases of the 
m i s s  ion. 

d. Between the  Lunar Excursion Module and t h e  earth, 
and hence t o  the  Apollo Camnand Module using the  
earth s ta t ion  as a relay t o  extend t h e  range of 
t h e  camnunication l ink between the  Lunar Excursion 
Module and Command Module. 

3.4.3.9.1.1 To a t t a i n  t h e  required voice communication capebili t ies 
an intercommunication system, a VHF transceiver and 
a UHF transceiver shall be provided. TheVKF trans- 
ceiver s h a l l  be compatible with the Camnand Module VHF 
transceiver and the MSC-supplied personal VHF carmuni- 
cation system. 
w i t h  the  DSIF and sha l l  t r a n s m i t  television infor- 
mation as w e l l  as voice. 

The UHF tmnsceiver sha l l  be compatible 

3.4.3.9.2 

3 -4 -399.3 

Telemetry.-  All te lemetry data transmission is 
ei ther  time shared with the voice or transmitted 
simultaneously with voice by using subcarriers 
within and below the voice frequency spectrum. All 
transmitters and receivers w i l l  have the c a p b i l i t y  
of transmitt ing or relaying t h i s  data. 

Television.- Real-time near-cammercial quali ty 
television transmission shall be provided i n  con- 
junction w i t h  the UHF transceiver for  observing the  
Lunar ESrcursion Module crew's ac t iv i t i e s  wh i l e  on 
the  lunar surface. The Lunar Excursion Module 



Associate Contractor s h a l l  consider means for.providing 
television transmission of the Lunar Esrcursion Module 
launch t o  t h e  earth. 

3.4.3.9.4 Antennas.- A VHF antenna fo r  Lunar EKcursion Module - 
Command Module and Lunar E3ccursion’ModuI.e crew member 
(outside) communication sha l l  be prwided. 
s t ructural  antenna s h a l l  be provided for  the Lunar 
ficursion Module-earth UEIF link. 
made t o  prevent destruction of the UHF extendable 
antenna during lunar landing and takeoff. 

An extendable 

Provision shall be 

3.4.3.9.5 Jettisonable Items.- The television system shall be 
l e f t o n  the lunar surface. 

4 
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3.4.3 .lo Instrumentation.- The instrumentation system shall 
detect ,  measure and display all parameters required 
by the  crew f o r  monitoring and evaluating the 
in t eg r i ty  and environment of the  spacecraft and 
performance of the  spacecraft systems. I n  addition, 
the  capabi l i ty  s h a l l  be provided f o r  documenting the  
mission through photography and recordiug. 

Measurements.- A tabulation of measurements shall be 
provided and s h a l l  include the number and type of 
all measurements; sensor character is t ics ;  conditions 
when taken, (flight, phase, etc.); data disposit ion,  
i.e. displayed real time telemetry, recorded for 
telemetry p lqback ,  recorded for storage, etc. 
block diagram showing the interrelat ionship of the  instru-  
mentation components s h a l l  also be provided. 

A 

Sensors.- The sensors selected f o r  each application 
shall have an inherent r e l i a b i l i t y  at  least one 
order of magnitude greater  than the measured and 
measuring subsystem and shall be compensated such 
t h a t  t h e i r  capabi l i ty  t o  perform the  intended 
function is not degraded by the environmental con- 
d i t ions  t o  which they are subjected. 
voltage, where required, shaU be standardized, 
insofar  as practicable.  I n  accessible measurement 
areas s h a l l  be provided with both primary and spare 
sensors and associated auxi l iary equipment as 
required. 
sensors s h a l l  be e l ec t r i ca l ly  shielded and mechanically 
secured so as t o  minimize the generation o r  pickup 
of noise by the leads. 

Excitation 

Elec t r ica l  leads associated with the 

Data Disposition.- The capabi l i ty  s h a l l  be provided 
f o r  data transmission upon crew command o r  onboard 
programed command. Provisions s h a l l  be made f o r  
transmitt ing data i n  the following c r i t i c a l  areas: 
a. Measurements r e l a t ing  d i r ec t ly  t o  conditions 
having an immediate e f f ec t  on crew safety.  
b. Suff ic ient  masurements i n  each functional area 
o r  system t o  f a c i l i t a t e  failure analysis i n  event 
of an unsuccessful f l i g h t .  
C. 
Command Module checking of vehicle posi t ion and 
course . 

Navigation and guidance data as required t o  permit 
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3 .4 .3  .lo. 4 Tape Recorders - One recorder system shall be pro- 
vided for  the storage of telemetry, voice, and 
possibly video information for later playback a t  the  
discretion of the crew, or for  data storage pending 
spacecraft recovery. 
suitable f o r  use in  conjunction with the sc ien t i f ic  
and bianedical instruments. 

This recorder shall a l so  be 

3 .4 .3 .lo. 5 Fanel Display Indicators. - The panel display 
indicator s h a l l  not be coupled direct ly  t o  those data 
channels which are providing s i m i l a r  information t o  
the telemetry or recording system, i .e.,  there s h a l l  
be no coupli between the pinel display instruments 
and telemetry 7 recording channels which could resul t  
i n  cross effects between the  circuit8 even i n  event 
of mlfunction. 

3.4.3.10.6 Calibration.- A calibration feature sha l l  be provided 
88 an i n t F p a l  part of t h e  measurement system and 
s h a l l  be such as t o  provide a rapid analytic assess- 
ment of t h e  measurement system's performance. 
method of calibration sha l l  encompass the overall 
system where practicable, and i n  addition shall 
include selectivity of automatic or manual operation 
at  the  crew's discretion. 

The 

3.4.3.10.7 - Clock.- Redundant, real time, binary code generating 
devices shall be provided t o  ac t  as the primary time 
reference; t o  correlate a l l  data; and to function as 
an integral  part  of a l l  t i m e  c r i t i c a l  operations. 
The accuracy and s t ab i l i t y  of t h e  clock under the  
environmental conditions expected s h a l l  be compatible 
w i t h  the navigation and guidance requirements and 
needs of scientific experiments. Accurate correlation 
shall be provided between the Lunar Excursion Module 
and the ComMlnd Module clock systems. 

3.4.3.10.8 Partial Pressure System.- This system shall moni%or 
the partial pressure levels of the  various constituents 
i n  the Occupants atmosphere. 
provided for  monitoring the  oxygen and carbon dioxide 
par t ia l  pressures. These measurements sha l l  be 
displayed i n  the  vehicle and telemetered t o  the 
command module. 

Redundancy sha l l  be 

3.4.3.10.9 Periscope.- A periscope s h a l l  be used t o  present a 
view of areas outside the  lunar excursion module 
not covered by the vehicle windows. The periscope 
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sha l l  have a directable f ie ld  of view which w i l l  
include the  landing pod and crew movements outeide 
the Vehicle. Reference axis information sha l l  be 
pnr ided  and recorded when t h e  periscope is used 
with a camera attachment. 

Camera.- A camera shall be provided far high 
resolution s t i l l  photography of the  lunar surface 
and for  use in  extra-lunar studies.  Acceseories 
shall include a telephoto lens and a telescopic 
attachment fo r  conversion t o  a camera telescope 
configuration capable of infrared and ultraviolet  
photography. 
furnished for  photography of extra-lunar bodies. 
Two motion picture cameras s h a l l  be provided fo r  
on-board photography, one for use with and attachable 
t o  the periscope system, s h a l l  be supplied t o  document 
the movement of t he  crew on the lunar surface. The 
other camera shall be suitable for use outside the 
vehicle. This  camera would be jettisoned. 

3.4.3.10.10 

A stable clock driven mount shall be 

3.4.3.10 .ll Radiation Dosimeters.- A radiation spectrometer 
shall be supplied, complete with computer c i rcui ts  
t o  calculate radiation dose rates and accumulated 
dosages i n  the cabin of the Lunar Excursion Module. 
Dose rates and accumulated dose shall be displayed 
in  the cabin and telemetered t o  the Conanand Module. 
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3.4.3.u 

3.4.3.U.1 

3.4.3 .U.2 
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3.4.3.11.4 

Scientifi6-Instxb?nt&ioad*b T U  sc ien t i f ic  inst-nta- 
t ion  (supplied by MSC) wi l l  provide primarily for  
selemlogic research, but at least part of the system 
may be useful i n  the operational instrumentation system 
o r  fo r  sc ien t i f ic  measurements during portions of the 
mission other than lunar landing. 
consist of portable, self-powered instruments fo r  use 
outside the Lunar Excursion Module and instruments for 
use inside the Lunar Excursion Module cabin. Provieion 
shall be made f o r  stowing data packages i n  the Lunar Ek- 
cursion Module cabin pr ior  t o  lunar takeoff, and all 
equipment not useful on the remainder of the mission 
shdl be jettisoned at that t i m e .  

This system shall 

Lunas Atmosphere Analyzer.- A portable instrument 
suitable fo r  determining the qualitative and quanti- * 
tative chemical composition of the lunar atmosphere 
shdl be provided. The data shall be recorded on the 
Lunar &cursion Module and telemetered t o  the caprmand 
Module. The reduction of data fram this instnrment shall 
not require any previous knowledge of the atmosphere 
carmposition. This instrument may be the backup system 
fo r  the cabin atmosphere partial pressure sensing system; 
otherwise it would be a jettisonable item. 

Gravit0meter.- A portable gravitometer sha l l  be 
supplied for  the determination of the direction and 
magnitude of the moon's gravitational f i e ld  at the 
lunar surface. This i s  a jettisonable item. 

Magnetometer.- A portable instrument fo r  the deter- 
mination of the direction and magnitude of the lunar 
magqetic f i e ld  shall be provided. This is  a Je t t i -  
sonable item. 

Rediation Spectrometer.- A portable radiation 
spectrometer shall  be provided f o r  measurement of 
the radiation spectrum at the lunar surface. 
means should be provided fo r  differentiating between 
seleno-origintiL radiation (e . g. naturaJ radioactivity) 
and solar  and cosmic radiation. Data should be 
recorded on the Landing &cursion Module and te le-  
metered t o  the Conrmand Module. 
contain a telemetry system for  direct  t o  earth 
telemetry, powered by solar  ce l l s ,  and will be l e f t  
on the lunar surface fo r  extended use i n  monitoring 
solar and cosmic ray radiation. 

A 

This system shaU 
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3.4.3.11.5 

3.4.3.11.6 

3.4.3.11.7 

3.4.3.11.9 

3 . 4 . 3.11 .lo 

0 

Specimen Return Container.- A s m a l l  container shall 
be supplied to be filled with lunar material. This ' 

container shall seal after filling in a manner such 
that no materid, gaseous, solid, or bacterial can 
enter the container during the return mission. 

Rock and Soil Analysis EQuipent.- Simple equipnt 
shall be supplied suitable for obtaining samples of 
lunar surface material for analysis, examination, or 
return to earth. This equipment is jettisonable. 

Microscopic Camera System.- A c w r a  system with 
microscopic attachment shall be supplied suitable for 
exemination of lunar soil and/or rocks inside the 
L m  Ekcursion Module cabin. 
the selection of samples for earth return and In photograph- 
ing discarded specimens. The camera may be used for other 
purposes &so; the microscopic attachment fs Jettisonable. 

Coreing Equipment.- Apparatus for obtaining sermglee 
of the lunar material l y ing  at least five feet below 
the surface shall be supplied. 
be handled in the same manner as surface soil ardl 
rocks. This apparatus is jettisonable. 

The equipent will aid In 

Samples obtdned will 

Seismographic Equimnt . - Seismographic equipnt 
S h a l l  be supplied for investigating the sub-surface 
structure of the muon. The equipment shall consist 
of acoustic exciters and detectors, which are 
jettisonable items. Data should be recorded in the 
Luaar ESrcursiop Module. 

Soil Temperature Sensors.- Probes suitable for 
measuring lunar surface and sub-surface temperatures 
6ha31 be provided. Probes shall be suitable for 
measuring temperatures at depths up to three feet, 
in case the lunar soil permits such penetration. 
Probes may be connected by hard line to the Lunar Ex- 
cursion Module and data may be processed by the opera- 
tional onboard instrunrent system. 
recorded in the Lunar hcursion Module; the probes are 
jettisonable. 

Data should be 

Cemeras and Telescopes.- The onboard 
cemera-telescope system w i l l  be used 
purposes while on the lunar surface. 

operational 
for scientific 
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3.4.3.11,12 Other Scientific Instruments, - Other eclentiflc 
instruments w i l l  be supplied by MSC a8 requirements 
for these item mature, 
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3.5 

3.5.1 

Mission Control Cen te r  (MCC) and Ground Operational I 
Support System (GOSS),.- The design configuration of the 
Misrrion Control Center  and the ultimate design configu- 
ra t ion of the  Ground Operational Support System have not 
yet been established. This section describes the  opera- 
t i ona l  concept f o r t h e  Mission Control Center and the 
canputational f a c i l i t i e s ,  gives a general description 
of the  i n i t i a l  configuration of the  Ground Operational 
Support System, and a general outl ine of the ultimate 
configuration as currently visualized . Existing f a c i l i -  
ties such as the Mercury network and the IHIF, both 
appropriately modified, w i l l  probably be used i n  the  
ApoUo program. 

General Description.- Overall control of 8 l l A p o l l o  
support elements throughout a l l  phases of 8 mission 
will be accanplished frun a Mission Control Center 
(MCC). Mission launch a c t i v i t i e s  up t o  the  time of 
l i f t o f f  w i l l  be conducted frun a launch control center, 
at Cape Canaveral. I n  addition t o t h e  launch control 
center, two types of remote s ta t ions  w i l l  be used. 
The first type of s ta t ion  w i l l  provide support for the  
following caarmunications: voice, telemetry reception 
and data processing, data transmission frun the ground 
t o  the Spacecraft, tracking t o  determine Spacecraft 
posit ion and velocity w i t h  appropriate data processing 
and a n  acquisit ion system f o r  antenna pointing. 
I n i t i a l l y  t h e  ground support f o r  ear th-orbi ta l  flights 
w i l l  be supported by modified Mercury-type s ta t ions  t o  
support t he  diversified use of f r epenc ie s  In the VHF 
and C-Bands, with the  contemplated use of the DSIF UHF 
Pllequency band f o r  l u n a r  distance canmunlcations. It 
is  visualized that eventually sane of the Mercury-type 
e i tes  w i l l  be modified er new sites w i l l  be implemented 
t o  operate using a unified UHF frequency which will 
s u p ~ o r t  a l l  voice, telemetry, te levis ion,  and ranging 
information f o r  near-earth and lunar diBtances, In 
the proposed unified concept antenna changes w i l l  be 
required a t  the existing Mercury sites t o  enable those 
sites t o  have both near-earth and lunar distance cagab- 
i l i t i es .  
near-earth and ear th-orbi ta l  missions. The second t y p  
of remote station w i l l  be equipped for use i n  tr8cWng 
the Camnand Module during reentry.  

Huwever, the DSIF would have no role i n  the 

Sane new stat ione 



e 

3.5.1.3 

A-109 

will probably be required, particularly to provide 

located both on land and on ships. The remote stations 
will be connected to the communications and computation 
centers located in the Mission Control Center by 
landlines, submarine cables, and/or by radio, depending 
on the location of the remote stations. A station will 
be located at the NASA-Manned Spacecraft Center at 
Houston. This station may be used for Spacecraft- 
COSS equipment compatibility checks, simulated missions, 
astronaut-ground procedure training, development of 
network operational procedures, as well as for actual 
missions. 

, tracking during reentry. These stations will be 

Mission Control Center.- The Mission Control Center 
will have the capability of monitoring the Spacecraft 
and directing the support elements for all phases of 
Apollo missions including unmanned and manned earth- 
orbital and translunar flights. In addition, this 
control center will include the simulation and train- 
ing facilities associated with the Spacecraft and the 
GOSS. These simulation and training facilities include 
the Apollo crew trainer coupled into the Mission Control 
Center and simulated remote stations located adJacent 
to the Mission Control Center. This will combine crew 
and Mission Control Center personnel training and proce- 
dural development. 

The Mission Control Center will include a c~mmieations 
center and the appropriate data processing equipment 
and displays required to allow complete and adequate 
control of the mission information flow. The Mission 
Control Center will also include the computing facilities 
that will be required to handle the data processing re- 
quired for the determination of vehicle position and 
velocity and other associated computations throughout 
the flight phase of the mission. 

The information flow associated with the Mission Control 
Center will include voice communication capability to 
and from the Spacecraft via relay through any of the 
remote stations, the transmission of information to the 
Spacecraft (this may be direct commands for unmanned 
Spacecraft or for assimilation by the crew of manned 
Spacecraft), the reception of processed vehicle telemetry 
data from the GOSS stations, the control and conduct of 
the GOSS, and all tracking and tracking support data. 
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I ’  3.5&1*2 Launch Control Center.- Launch control, including space 
vehicle preparation and checkouts, and the launch count- 
down will be conducted from Cape Canaveral. 
center facilities include the displays and communic&tiom 
necessary for monitoring of the progress of the mission 
countdown and powered flight phase. 

Launch control 

3 b 5 . 1 1 3  Remote. Station. - The ground transmitted signal w i l l  in- 
elude voice (relayed from MCC if desired), coded information 
and beacon o r  transponder interrogation. The Spacecraft 
transmission and subsequent ground eystems reception 
w i l l  include voice, down telemetry, cwla beacon or traned 
pander response. 
advances the RF link between the Spacecraft and the GOS8 
may transgress from Initid HF, VHF and C-Band links 
to a single UHF link. %e basic site equipment includes 
an automatic data procebsor which controls the information 
flow through the site. Where suitable point-to-point 
comunication circuits exist, the voice information is 
relayed to the MCC. The telemetry and tracking informa- 
tion is recorded on tape units and simultaneously fed 
into the data processor where the information is selected 
by establiehed ground rules and/or MCC directives, 

It is anticipated that as the program 

The site data processor, in addition to acceptingmd 
reprocessing telemetry and tracking data, a l s o  deals with 
information received from the MCC and from the local 
inputs and delivers it to acquisition consoles, l T Y  and 

visual displays. 
higher-speed data transmission systems, and t o ,  i oca1 
Acquisition methods and aids will be provided fbr ac- 
quiring the Spacecraft in angle, frequency, and ranged 
Simulation aids for local training and exercisea will 
be provided for the RF syetems and for the communication 
components. 
the exception of the reentry ,may eventually be capable 
of a significant comunications and tracking capability 
at lunar distances. Thus, loss of any station is  not 
catastrophic since alternative lunar capability will 
exist at other stations. 

Each of the remote ground stations with 

An interim period will exist before the achievement of 
the contemplated COS8 for Apollo from the current ground 
equipment employing Verlort and AN/FPS-~~ radars, m/FM 
VHF telemetry and UHF voice. 
Mercury-type of equipment to the unified frequency eyetern- 
equipment should be made consistent with the Apollo 

The transition from the 
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systems development and the Apollo program schedules. 
,The current system w i l l  remain subs tan t ia l ly  unchanged 
i f  project  schedules f o r  the ear ly  Apollo vehicles must 
carry extensions of t h e  Mercury system. 

Remote Stat ion Equipment.- Current equipment plans f o r  
each ground s t a t ion  includes the use of UHF and VHF 
connnu&cations systems, the use of. C-band equipment f o r  
near-earth tracking, and the use of UHF transponders f o r  
tracking at  lunar distances. 
concept utilizes a single UHF frequency for both near- 
ear th  and lunar  communications and tracking. 

The unified RF systems 

The unif ied systems concept requires that the RF modula- 
t i o n  techniques used i n  a s ingle  RF UHF carrier band- 
width w i l l  be the  same f o r  both ear th-orbi ta l  and lunar 
missions. The remote s t a t ion  configuration provides an 
antenna i n s t a l l a t ion  supporting two RF information 
channels (not widely separated) i n  the  same frequency 
band. These information channels would be used for 
posi t ion and velocity determination, voice, and telemetry. 
The functional layout of the remote s i te  le s h m  i n  
figure 77, and f igure 78 indicates the  type and kinds 
of data  flow t h a t  occur i n  the s i t e .  
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APPENDIX A 

MSTRUC!PIONS AND REQUIREMENW FOR PHtYPOCCRAPHltC 
DOCUMENTATION 

1. PHOTOGRAPHY.- The Contractor shall ecc&lish still and/or 
motion picture photography on both a continuing and an "a8 negotiated" 
basis as indicated herein, Photographic coverage ahall include docu- 
mentation of highlight aspects of research and development, facilities 
construction and utilization, hardware fabrication and production, 
ground teet activities, including rapid sequence and hlgh=speed engi- 
neering sequential motion picture caverage of approprlate test phases, 
and related events and subjects involving the Contractor's area of 
respansibllity 

2. OBJECTWE.- The obdective of the photographic coverage 
specified herein is to satisfy a continuing NASA - MSC need for docu- 
mentation and reporting of the Contractors research and development ac- 
tivities and progress. The still and/or motion picture caverage thus 
obtained will be used for purposes of p r o m  evaluation and management 
analysis, written report backup, and the preparation of' training, 
orientation, and briefing films. Other uses include legal, historical, 
and the fulfillment of various information services requiremente. 

3.  STANIMRDIZATION. - For purposes of compatibility and in the 
lntetest of economy in reproduction, it is necessary to etandardize in 
the type of original films used by the various producers and con- 
tractors. 
Eastman Ektachrome Commercial type 7255, or equivalent, is recanrmended. 
When light conditions prevent the use of this film, Ektachrome ER type 
7257 (daylight), or Ektachrme ER type 7258 (tungsten , or equivalent, 
may be used. These high-speed emulsions (ASA 160-120 1 shouSd be used 
only when absolutely necessary, a8 some quality losses result in 
duplication. 

These instructions outline specifications for motion picture photograp& 
and the still picture documentation required. Changes to these specifi- 
cations may be made only with the approval of the Contracting Officer. 

For normal motion picture photography (16 mn, 24 f.p.s.) 

4 G m m  MOTION PICPURE AND STILL PHOTWRAPmC SPECIF'fCATIONS, am 

ab Motion picture epecificationsr 

shall be in 16-111m Ektachrome commercial, or equivalent, exposed 
at 24 frames per second. 
specifically authorized by the Contracting Officer. Black-and- 

(1) AS a general rule, original motion picture photography 

The use of 35-mn color film must be 



white film and other frame-rates may be used in instances where 
the capability of the color f i l m  or the normal frame-rates 
would be detrimental to the accomplishment of specialized 
photographic coverage, such as aerial, engineering sequential, 
and t ime-measurement phot ograpb . 

(2) The Contractor shall not prodect or cut original fihn 
exposed in connection with the Contract, except to eliminate 
waste f i lm  caused by camera failure or faulty photographic 
techniques (gross over or underexposure, over or underbwelop- 
ment, ~~t-off-focus, etc 1 ) whb h results in qucllitativew un.l 
satIef&ctory filml Unusable heads and talle of scenes md 
unselected takee may be retained by the Contractor on f i ie  or 
deetrayed a t  the Contractor's discretion. 

( 3 )  All original canera film footage shall be elated 
whenever poseible. Slate information shall include, a8 
appropriate t Contractor identlf ication, proJect number md/or 
m e ,  Coritradt number, security claesificatian, &+,e photogragheb, 
sdener and Lake numberb lGto copies of caption informatiolr 
deearibing the action involved in each scene and the eignifi-  
clulce of the sequence of which the individual Bcene i e  d pclrt, 
shall be forwardti8 with a l l  original canera film footage eub- 
rnifted to the NlWbMsnned Spacecraft Center, Apollo Spacecraft 
ProJect Office. All individual reels of film footage will 
bear head m d  tail security classification leaders. 

I 

b. Still Picture Specificatione: 
Iu1 e t i l l  photography will be of professional quality an8 in a 
quantity that will meet the neede of both the NASA and the Con- 
ts'actor for scientific, technical and reporting data requireb 
In 8llpporL of the aseigned research and development effort. 

(1) As a getleral ru le ,  the still photography shall be acccnw 
plished on 4 x 5 inch black-and-white film, 4 x 5 inch negative 
or reversible color film may be used in those instances where it% 
is deemed eesential to record and present the subject mtter 
distinctly and accurately and f o r  significant highlight events' 
such as roll-outs, mockups, etc. The original camera raw stock 
film shall be of a type determined by the contractor to be beet ' 

suited to the recording objective under the prevailing environ- 
mental conditions of each photographic assignment. 

(2) The following data shall be lettered i n  ink on the 
clear margin of each original negative or color tramparency an 
the acetate side starting from the l e f t :  negative number, date, 
contractor, and classification. 

maim--- 



(a) The negative number! This sMJl s t a r t  with 
numeral 1 (one) f o r  the f i r s t  phatograrlph of the calendar 
year on each specific contract of which the photographic 
coverage is a part. 

' 

(b) The date shall consist of numera,.ls fo r  the day of 
the month, foUated by the abbreviated b e  of the  month 
follawed by the  last numerals of t he  calendar year, 

(e )  Contractor'@ and subcontractore * name if applicable, 

(a) If the photograph i e  claeaified, the  c h e e i f i c a t i s n  

abbreviated, shall foilow the  date of photography. 

shall follow the contractor's n a m e 6  A typical negative 
marking would be as follawet 120/14 Jut 62 (Contractor's 
name)/ConfidentiaI. 

ifi a separate negative preserver, A contcrcbgrint of the 
iregative shall. bo attached t o  the frmfj of the envelope (to 
a s w e  minimum handling of the negative). The, hegative 
identification data shall be marked on the peerremter, s t a r t -  
ing in the top l e f t  front cornerb Xn aitd%,pn the  preeemer 
ehau be comp~cuously marked with, the gPoperfi.ahsBiflcation 
i n  accordance with p6D Induetrrlah fkour$ty Manual., Section 11, 
Handling of Classified Informationb 

(e) Each negative or color equivaleht ehatl be placed 

(f) A written caption s h a l l  be prepared f o r  each 
negative produced and fosa rded  under t e r n  of this  Contract. 
This infonnatian must include the  who, V b t ,  When, where, 
and why type of data as well as other pertinent facts, 
including the speci€ic date the photograph Wa8 .taken. If 
nicknames a re  used, explain the i r  meaning. I The caption may 
be typed on a sheet of paper and placed ineide the  negative 
preserver, or attached t o  the back of the envelope. 
captions ehall be double gpaced. 

ehall. be reproduced on a l l  p r in t s  made, 
ma$' be accomplished by any meane avaiUble whlcI$will insure 
ti pertntnent record of the ident i f icat ion data ori'bach pr in t ,  
such as! photographic reproduction through the negative; 
by typing, waterproof ink le t ter ing,  ditto,  or rubber etamp. 
In addition to the identification data, the fP&t,of each 
c lass i f ied  pr in t  Shall be stamped with the appropriate 
c laesif icat ion (in t h e  white border) at  t h e  4mp and bottom 
and on the back. 

The 

( 8 )  The negative ident i f icat ion data specif'ied. above 
This reproduction 
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5. MOTION. PICTURE RERtJIREMEWS: 

picture coverage of significant highlight events within the 
ares, of his activity, as they occur, and which are essential 
to the fulfillment of the NASA-MSC's need for enginekring, 
evalmtion, and Management data, or for  reporting purpoees. 
This coverage will include the unsucceasfult and unfavorable 
events as well as the positive aspects of the Contractor's 
activity and progress. 

aC Documentation' - The Contractor w i l l  accomplish motion 

b. Film Cllp6.- The Contractor shall accomplish additional 
motion picture coverage as required fo r  the preparation of film 
clips as directed by the MSC Apollo Spacecraft Project Office. 
Subject matter of this film footage will include caverage of 
special happenings such as mockups, development teat activities, 
and other events which depict the program progress and status. 
Footage suitable for use in the various NASA-MSC film reporta muat 
portray a complete story of a specific research and development 
event, phase, or activity. 
include a variety of scene6 of the reported item or event, i.e,, 
establishing shots, medium shots, close-ups, and CUtf1wa,y6j to 
assist the NASA f i l m  editor in telling the s to ry .  
footage should consist of fu l l  length, unedited, untitled, ellent 
scenes of sufficient length to provide 5110 minutes running time 
as received from the Contractor. 

The photographlc coverage should 

'She film 

c. Special Film Requirements.- The production of briefing, 
concept, indoctrination f i l m s ,  and special anination seq_tlences 
may be assigned to the Contractor from time to time by the 
Contracting bfficer. 
will be subject to contract negotiation, 

The production of these special film reporte 

6. STILL PHOmRAPKIC REQUIREMENTS.- The Contractor shall 
accompljsh still photographic documentation of all significant 
highlight cvents within the area of' his activity and responsibility 
as they occur and as he determines is essential to the fulfilhent of 
MSC'e and the Contractor's need f o r  engineering, evaluation, management 
data, and reporting purposes. "Special Interest" hi hlight  events ek11 
be accomplished in color a8 specified in paragraph 4 4 b). Routine 
documentation will be done in black and white. 

7. TRANSMITTAL.pF PHOTOGRAPHIC MATERIALS: 

a. Motion Picture.Film 

(1) A l l  of the original motion picture footace produced 
and costed under terms of this Contract, is the property of 

--=@Qmh 
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the  NASA, Unless otherwise specified, the  Contractor w i l l ,  
farward a l l  original motion picture material produced under 
thle Contract to NASA-Manned Spacecraft Center, Apollo spacea 
craft Project Office. Written information describing the 
lrctivlt ies ahd items sham i n  the film wfll accompaqt each 
ehipment of film. 

(2) When the Contractor produces f i b  other t k n  
those specif led and/or requerjted by the Contractin& 
Wfieer, util izing film footage exposed and coated under 
this Contract, it e h a l l  be a t  no expenee t o  NAM. When 
euoh fihu are used for public release purpaees by the 
Contractor, they shall be reviewed by and receive kina1 
e r p & m ~ ~ l  in Wbting from NABA1Manned Bpdcecraf-b Ceriter 
before b e h g  releaeed for exhibition. Requeeta fop 
release of much Contractor sganeored films, including B 
v;dewihq pr in t  of each, w i l l  be f o m r d e d  La the ApSll.6 
8pwecrafl Project Office, NASA-Manned Spcecmft denter. 

cawgleted film reports produced tmder t h h  Contract ehaU 
b@ handled in accordance with the prwisianrt Or DOD 
Xndiletrial Security Manusl, Section ITj Ihndling of 
Chesified fnfonnaticm4 The original film end two brinta 
which are made from the  original and whibh match ft-kme for 
frme will be submitted. 
information describing the ac t iv i t ies ,  and items sham in the 
film footage, w i l l  be forwarded by the Contractor t o  the NASA- 
Manned €!pacecraft Center, Apallo SprrcecrclfC Project Office. 

( 3 )  AU claseified motion picture f i h  footage and 

In addition, two copies ok writteh 

b. St i l l ,  P$cturesl 

(1) The black and white or  color negative or color 
transparency, together with a contact pr int  (of the black 
end white negative only) and two 8 4 / 2  x 11" enhrgemente 
of the  blhck and white negative shall be forwarded t o  the  
MSC Apollo Spacecraft Project Office. 
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Correction 
iu Av Aw 

Syc tenis Stat ions Meters Meterti Meters - 
NAD -23 +142 +196 
SAD - 303 +98 -315 
SA0 SP59 +4 
Vanguard - 12 +235 
U t26 t22 -22 

Wc s tern Hemisphere 
Geodetic System 

+15 
+299 $120 

Europe -Af rica-S iberia- 
India ED - 57 - 37 -96 P 
Geodetic System Indian +200 +782 +271 

SA0 SP59 -150 -2 + -33 
U f23 t29 -23 

Arc - 109 - 70 -289 

Jn pan- Ko re a -Mmc hur ia Tokyo -89 +551 +710 - 147 + Geode t i c  Sys tern SA0 SP59 -29 -209 
U +bo 253 - 40 

Australia Sidney +198 +262 -21 
Geodetic Sys tem SA0 SP59 +149 -83 +116 

u (Estimated) f75 490 535 

Argentina SA0 SP59 -81 +131 +lo5 
Geodetic System u (Estimated) 2180 4160 f160 

F i g u r e  33.- Geodet ic  s t a t i o n  l o c a t i o n  c o r r e c t i o n  
d a - h  (Reference 11). 
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Figure  58,- General arrangement - 
e a r t h  o r b i t a l  conf igura t ion ,  
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F i gure 60. - General  arrangement - 
circumlunar c o n f i g u r a t i o n .  
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F i gure 61. - General arrangement - 
lunar o r b i t a l  c o n f i g u r a t i o n .  
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F i g u r e  63 . -  Command module - Inboard profile, activity areas, 
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F i g u r e  64.- Command module - Inboard p r o f i l e ,  
volume u t i l i z a t i o n ,  
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F i g u r e  65.- Command module - Inboard p r o f i l e ,  
display c o v e r a g e  and c e n t e r  o f  

g r a v i t y  c o n t r o l .  



Local  impact l o a d  m i  t i g a t  ion 

F igure  66.- Comnand module - Inboard p r o f i l e ,  
l a n d i n g  considerat ions.  
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FIGURE 67.  - 
SPACECRAFT FLIGHT CONFIGURATIONS 



FIGURE 68. - 
LUNAR EXCURSION MODULE EXTERNAL CONFIGURATION 
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F i g u r e  69 , -Serv ice  propuls ion  system, Single chamber 
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F i g u r e  76.- Electrical power system - schematic, 
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